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ABSTRACT 

Space Shuttle launches produce environmental impacts resulting 
from the formation of an exhaust cloud containing hydrogen 
chloride aerosols and aluminum oxide particulates. Studies at 
John F. Kennedy Space Center (KSC) have shown that most impacts 
occur near-field (within 1.5 km) of the launch site while 
deposition from launches occurs far-field (as distant as 22 km). 
In order to establish baseline conditions of vegetation and soils 
in the areas likely to be impacted by Shuttle launches from 
Vandenberg Air Force Rase (VAFB), vegetation and s o i l s  in the 
vicinity of Space Launch Complex 6 (SLC-6) were sampled and a 
vegetation map prepared. 

The areas likely to be impacted by launches were determined 
considering the structure of the launch complex, the prevailing 
winds, the terrain, and predictions of the Rocket Exhaust 
Effluent Diffusion Model (REEDM). Fifty vegetation transects (15 
rn length) were established and sampled in March 1986 (wet season) 
and resampled in September 1986 (dry season). A vegetation map 
was prepared for the six Master Planning maps surrounding SLC-6 
(1:9600) using LANDSAT Thematic Mapper imagery as well as color 
and color Infrared aerial photogra.phy. S o i l  samples were 
csllected from the 0-7.5 cm layer at all transects in the wet 
season and at a subsample of the transects (10) in the dry season 
and analyzed for pH, organic matter, conductivity, cation 
exchange capacity, exchangeable Ca, Mg, Na, K, and Al, available 
NH3-N,  N O 3 - N ,  PO4-P, Cu, Fe, Mn, Zn, and TKN. 

Vegetation in the expected impact areas is primarily annual 
grassland (grazed) and coastal sage scrub with lesser amounts of 
chaparral. Composition of annual grassland changes greatly 
between the wet and dry seasons. Some changes in vegetation 
cover occur seasonally 1.n the coastal sage scrub. Changes in 
soil chemistry also occur. Cations, pH, conductivity, organic 
matter, cation exchange capacity, TKN, and ammonia-nitrogen 
increase from the wet season to the dry season while certain 
available metals (Al, Cu, Fe) decrease. 

Launches from SLC-6 will probably have impacts to vegetation 
within an area of about 1 km in the direction of the initial 
movement of the exhaust cloud. Damage to shrubs and loss of 
sensitive species may occur. Erosion is likely in areas losing 
vegetation cover. Species of the annual grassland and coastal 
sage scrub will probably be moderately to very sensitive while 
chaparral species are likely to be more resistant to launch 
deposition. Impacts and time required for recovery will vary 
seasonally with the phenology of the vegetation. Vegetation 
recovery at VAFB will be slower than at KSC because of the low 
rainfall and extended dry season. Impacts to populations of 
special Interest plants will probably be minimal. Seasonal 
variation i n  soil parameters will complicate detection of s o i l  
impacts of launches. 

In response to the delay in Shuttle launches, recommendations are 
made t3 update the data base prior to launch. 

. 
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I N T R O D U C T I O N  

S h u t t l e  E f f e c t s  - Brief Overview 

Launches of  t h e  Space S h u t t l e  produce  env i ronmen ta l  impacts 

t o  terrestrial  and a q u a t i c  sys t ems  r e s u l t i n g  from t h e  f o r m a t i o n  

of an  e x h a u s t  c loud  (Bowie 1981, Knot t  e t  a l .  1983) .  Major 

c o n s t i t u e n t s  of t he  e x h a u s t  cloud are carbon d i o x i d e  (C02),  water 

( H z O ) ,  aluminum ox ide  (Al2031,  and hydrogen c h l o r i d e  ( H C 1 )  ( N A S A  

1979) .  The fo rma t ion  of t h e  exhaus t  c loud  o c c u r s  as a r e s u l t  of 

t h e  combined e f f ec t s  of  t h e  i g n i t i o n  of  t h e  S o l i d  Rocket Motors 

(SRM), the  Space S h u t t l e  Main Engines  (SSME), and t h e  

s i m u l t a n e o u s  dumping of s e v e r a l  thousand k i l o l i t e r s  of  sound 

s u p p r e s s i o n  and c o o l i n g  water o n t o  t h e  l a u n c h  pad. I n  the 

t u r b u l e n c e  of  t he  r o c k e t  exhausts, a t o m i z a t i o n  o f  t h e  d e l u g e  

water o c c u r s ;  these d r o p l e t s  c o a g u l a t e  w i t h  aluminum o x i d e  

pa r t i cu la t e s  and r a p i d l y  scavenge hydrogen c h l o r i d e  gas p roduc ing  

a c i d i c  d e p o s i t i o n  (Anderson and Keller 1983) .  

A t  John F. Kennedy Space C e n t e r  ( K S C ) ,  t h i s  ground c loud  i s  

d i r e c t e d  northward by the s t r u c t u r e  of the  flame t r e n c h  and 

b e g i n s  t o  r i se  as t h e  h o r i z o n t a l  v e l o c i t y  decreases (Kno t t  e t  

a l .  1983) .  A s  t h e  c loud  r i ses  i t  e n t r a i n s  ambient  a i r  u n t i l  

r e a c h i n g  a s t a b i l i z a t i o n  h e i g h t  (B jo rk lund  e t  a l .  1982) .  T h i s  

e x h a u s t  c loud  is  then  carried by p r e v a i l i n g  winds.  Wind 

d i r e c t i o n  is v a r i a b l e  a t  KSC ( N A S A  1979)  and d i r e c t i o n  o f  c loud  

movement has v a r i e d  (Schmalzer e t  a l .  1986) .  

Near-field a c u t e  e f f e c t s  are produced by the  ground c loud  

sweeping t u r b u l e n t l y  a c r o s s  t h e  ground,  v e g e t a t i o n ,  and l agoona l  

1 



waters. Genera l ly  near - f ie ld  effects  o c c u r  w i t h i n  0.5 krn of the 

l aunch  pad a l though  t h e y  have ex tended  up t o  1 .0  km away ( K n o t t  

e t  a l .  1983, Schmalzer e t  a l .  1985) .  S i n c e  t h e  pH of d r o p l e t s  i n  

t h i s  c loud  can be <0.5 (Anderson and Keller 1983) ,  n e a r - f i e l d  

e f f e c t s  can b e  s e v e r e  and i n c l u d e  a c u t e  v e g e t a t i o n  damage (Bowie 

1981, Knott  e t  a l .  1983, Schmalzer e t  a l .  1986)  and f i s h  k i l l s  

(Kno t t  e t  a l .  1983, M i l l i g a n  and Hubbard  1983, Hawkins e t  a l .  

1 9 8 4 ) .  

F a r - f i e l d  e f f e c t s ' a r e  produced a f t e r  t h e  e x h a u s t  c loud  r ises 

and moves wi th  the  p r e v a i l i n g  winds.  D e p o s i t i o n  from t h i s  c l o u d  

o c c u r s  as s p o t t i n g  on v e g e t a t i o n  and s t r u c t u r e s ;  s p o t t i n g  may 

i n c l u d e  ac id  bu rns  from 'lwetll d e p o s i t i o n  o r  may be d r y  r e s i d u e ,  

p r i m a r i l y  A1203 (Kno t t  e t  a l .  1983, Anderson and Keller 1 9 8 3 ) .  

D e p o s i t i o n  has been d e t e c t e d  up t o  22 km from the  l aunch  s i t e  

(Schmalzer  e t  a l .  1 9 8 6 ) .  

I n  t h e  near-f ie ld  s t u d y  area o f  12.6 h a  n o r t h  of  Pad 39A, 

d e p o s i t i o n  r a t e s  of  up t o  1 2 7  g/m2 of c h l o r i d e s  have been 

measured f o r  s e v e r a l  l aunches  (Dreschel and Hall 1 9 8 5 ) .  Repeated  

l aunches  produced cumula t ive  v e g e t a t i o n  changes i n  t h i s  area 

i n c l u d i n g  l o s s  of s e n s i t i v e  s p e c i e s ,  l o s s  of p l a n t  community 

s t r u c t u r e ,  r e d u c t i o n  i n  t o t a l  c o v e r ,  and rep lacement  of some 

s p e c i e s  by weedy i n v a d e r s  (Schmalzer  e t  a l .  1 9 8 5 ) .  As l a u n c h  

f r equency  i n c r e a s e d ,  less v e g e t a t i o n  r e c o v e r y  o c c u r r e d  between 

l aunches  and bare ground i n c r e a s e d  i n  the  most s e v e r e l y  impacted  

areas  (Schmalzer u n p u b l i s h e d ) .  

P l a n t  s p e c i e s  v a r y  g r e a t l y  i n  t h e i r  s e n s i t i v i t y  t o  t h e  ac id  

d e p o s i t i o n  from S h u t t l e  l aunches  (Schmalzer  e t  a l .  1985) .  N e a r l y  

2 



all plants in the near-field zone receiving 2 5  g - 127  g/m2 of 

chloride deposition are completely or partially defoliated; most 

plants receiving 1 g - 25 g/m2 of  chlorides are obviously 

damaged. 

chloride deposition (Schmalzer et al. 1986). Sensitivities are 

partially predictable based on laboratory studies (Heck et al. 

1980), but sensitivities to gaseous HC1 and to an aqueous aerosol 

of HC1 (hydrochloric acid) in the field differ (Schmalzer et al. 

1985 1. 

Sensitive species can be damaged by about 100 mg/m2 of 

Acid deposition from Shuttle launches also has the potential 

to affect soils. Soil microcosm studies in the near-field impact 

zone north of Pad 3 9 A  indicate a decline in the pH of leachate 

collected from exposed nicrocosns along with an increase in the 

concentrations of aluminum (Al), copper (Cu), iron (Fe), and zinc 

(Zn). Trends in cation concentrations (calcium [Ca], magnesium 

[Mg], potassium [e]) indicate a decline in the bufferin& capacity 

of the soil (Hinkle et al. 1986). 

The Rocket Exhaust Effluent Diffusion Model (REEDM) was 

developed to predict launch cloud deposition. Earlier versions 

of this model (Bjorklund et al. 1982) predicted gaseous hydrogen 

chloride concentration and aluminum oxide concentration. Post- 

launch observations for many launches showed that this model 

correctly predicted direction of launch deposition but typically 

placed these effects much farther from the launch site than they 

actually occurred. In 1984, the model was modified to predict 

gravitational H C 1  deposition (Bowman et al. 1984). Results from 

the modified model predict higher deposition near the launch pad 

3 



d e c l i n i n g  w i t h  d i s t a n c e .  Comparisons of REEDM p r e d i c t i o n s  t o  

measurements and es t imates  of c h l o r i d e  and aluminum d e p o s i t i o n  

have been made (Schmalzer  e t  a l .  1 9 8 6 ) .  There i s  g e n e r a l  

agreement  between t h e  model and o b s e r v a t i o n s  w i t h  t h e  e x c e p t i o n s  

t h a t :  1) REEDM does  n o t  p r e d i c t  t h e  n e a r - f i e l d  plume zone  where 

d e p o s i t i o n  of > l o 0  g / m 2  c h l o r i d e  o c c u r s ;  and 2 )  t he  p r e d i c t e d  

i s o p l e t h  o f  25 m g / m 2  c h l o r i d e  o f t e n  canno t  be d e t e c t e d  on t h e  

ground.  

C o n s i d e r a t i o n s  f o r  Vandenberg Air Force  Base 

The f a c i l i t i e s  and environment  f o r  S h u t t l e  l a u n c h e s  a t  

Vandenberg A i r  Fo rce  Base d i f f e r  i n  a number of ways from t h o s e  

a t  KSC t h a t  may e f f e c t  l aunch  c l o u d  b e h a v i o r  and i t s  i m p a c t s  on 

t e r r e s t r i a l  sys tems.  A t  KSC, b o t h  S o l i d  Rocket B o o s t e r s  (SRB's)  

e x h a u s t  i n t o  a s i n g l e  flame t r e n c h  t h a t  opens  t o  t h e  n o r t h  and 

has a f l a t  bottom; t h e  main e n g i n e s  e x h a u s t  i n t o  a s e p a r a t e  flame 

t r e n c h  t h a t  opens t o  t h e  s o u t h .  A t  t h e  Vandenberg S h u t t l e  l a u n c h  

s i t e ,  Space Launch Complex 6 (SLC-6), e a c h  SRB e x h a u s t s  i n t o  a 

s e p a r a t e  flame t r e n c h ,  one f a c e s  n o r t h  and t h e  o t h e r  s o u t h ,  and 

t h e  openings  of  t h e  flame t r e n c h e s  a n g l e  s h a r p l y  upward (USAF 

1 9 8 3 ) .  The main e n g i n e s  e x h a u s t  i n t o  a t h i r d  flame t r e n c h  t h a t  

a l s o  f a c e s  sou th .  

The water  d e l u g e  system a t  SLC-6 w i l l  u s e  a b o u t  t w i c e  t h e  

amount of water as t h e  sys tem a t  K S C .  T h i s  a d d i t i o n a l  water may 

a f f e c t  exhaus t  c loud  p r o p e r t i e s  (Compton 1 9 8 3 b ) ,  b u t  a c i d  

d e p o s i t i o n  i s  s t i l l  expec ted  t o  o c c u r  (Anderson and Kel le r  1983, 

USAF 1 9 8 6 ) .  



Wind d i r e c t i o n s  a t  SLC-6 on Vandenberg are  p r e d o m i n a t e l y  

from t h e  no r thwes t  (USAF 1978, Compton 1983a, Bowman e t  a l .  

( 1 9 8 5 ) .  

f o r  Vandenberg and m e t e r o l o g i c a l  data p r e d i c t s  t h e  most f r e q u e n t  

d i r e c t i o n  f o r  t h e  5000 mg/m2 i s o p l e t h  t o  be from e a s t - s o u t h e a s t  

t o  s o u t h - s o u t h e a s t  (65.8%) dur ing  d a y t i m e  hour s  and from 

s o u t h - s o u t h e a s t  t o  sou thwes t  (54.8%) a t  n i g h t  (Bowman e t  a l .  

1985) .  

A r i s k  a s ses smen t  based on t h e  REEDM program as mod i f i ed  

V e g e t a t i o n  and c l i m a t e  a t  Vandenberg are c o n s i d e r a b l y  

d i f f e r e n t  t han  a t  KSC. Vandenberg has a Med i t e r r anean- type  

c l i m a t e  wi th  d i s t i n c t  wet and d r y  s e a s o n s .  Growth of  most 

g r a s s e s ,  f o r b s ,  and s h r u b s  i s  c o n c e n t r a t e d  i n  t h e  w e t  s e a s o n ,  

e x t e n d i n g  i n t o  t h e  d r y  season  u n t i l  s o i l  m o i s t u r e  l e v e l s  d e c l i n e .  

Annual s p e c i e s  are i m p o r t a n t ,  dominat ing  t h e  a n n u a l  g r a s s l a n d s .  

Many of t h e  s h r u b s  i n  t h e  c o a s t a l  sage s c r u b  are drought -  

dec iduous  o r  p a r t i a l l y  so.  I n  c o n t r a s t ,  most o f  t h e  f l o r a  a t  K S C  

is  comprised of p e r e n n i a l  p l a n t s ;  a l t h o u g h  some cease growth o r  

d i e -hack  i n  t h e  w i n t e r ,  o t h e r s  c o n t i n u e  growing year - round.  

V e g e t a t i o n  r ecove ry  i s  l i k e l y  t o  be much s l o w e r  a t  Vandenberg 

t h a n  a t  K S C .  For  example, fo l lowing  a l aunch  a t  t h e  end of  t he  

w e t  s e a s o n  (Apri l -May),  v e g e t a t i o n  regrowth  might  n o t  b e g i n  u n t i l  

t h e  f a l l  r a i n s  (November-Decemher) . 
Z a m m i t  and Zedler (1988)  r e c e n t l y  exani.ned t h e  e f f e c t s  of 

s i n g l e  treatments o f  s i m u l a t e d  a c i d  d e p o s i t i o n  s imi ' l iar  t o  t h a t  

e x p e c t e d  from S h u t t l e  l aunches  on s e e d l i n g  s u r v i v o r s h i p  and 

y i e l d ,  seed g e r m i n a t i o n  response,  and s e e d l i n g  emergence unde r  

c o n t r o l l e d  c o n d i t i o n s  f o r  s p e c i e s  n a t l v e  t o  t h e  SLC-6 area. They 



found tha t  no seed l ings  of Mimulus a u r a n t i a c u s ,  Artemisia 

c a l i f o r n i c a ,  o r  B a c c h a r i s  p i l u l a r i s  s u r v i v e d  30 days  a f t e r  

t r e a t m e n t  w i t h  ph 0.5 o r  1.0 s o l u t i o n s ;  a t  ph 2.5 there were 

s p e c i e s  d i f f e r e n c e s  and e f f e c t s  from d l f f e r e n t  s o i l s .  I n  t h e  

seed germina t ion  expe r imen t ,  g e r m i n a t i o n  o f  s i x  of seven  s p e c i e s  

was reduced by ph 1.0 t r e a t m e n t ,  b u t  t h e  magnitude v a r i e d  w i t h  

spec ies ,  seed moistlire l e v e l ,  and s o i l  t y p e .  These r e s u l t s  

s u g g e s t  t h a t  S h u t t l e  l aunches  have t h e  p o t e n t i a l  t o  r e d u c e  

s e e d l i n g  s u r v i v a l  and seed g e r m i n a t i o n  i n  t h e  n e a r - f i e l d  

environment .  

Approach 

Th i s  p ro jec t  was unde r t aken  t o  p r o v i d e  b a s e l i n e  data needed 

t o  moni tor  b i o l o g i c a l  impacts of S h u t t l e  l a u n c h e s  on Vandenberg. 

The approach  t a k e n  was based on e x p e r i e n c e  g a i n e d  from m o n i t o r i n g  

l aunch  e f f e c t s  on KSC w i t h  m o d i f i c a t i o n s  as a p p r o p r i a t e  f o r  t h e  

Vandenberg s i t u a t i o n ;  the  program was implemented by some of t h e  

p e r s o n n e l  Involved i n  l aunch  m o n i t o r i n g  a t  KSC.  

There a r e  two maJor p a r t s  t o  t h i s  approach .  The f i r s t  i s  a 

set  of permanent v e g e t a t i o n  t r a n s e c t s  l o c a t e d  w i t h i n  t h e  expected 

zone of n e a r - f i e l d  impac t s ;  s o i l  samples were a l s o  c o l l e c t e d  w i t h  

these t r a n s e c t s .  T h e s e  t r a n s e c t s  e s t a b l i s h  b a s e l i n e  data t o  

which a c u t e  launch-induced changes cou ld  be compared. The second 

p a r t  of t he  program i s  a v e g e t a t i o n  map f o r  t h e  s i x  Master 

P lann ing  map u n i t s  around SLC-6. These maps document v e g e t a t i o n  

p a t t e r n s  a n d  form a data set  t o  which changes  caused by t h e  more 

d i f f u s e  far-f ie ld  e f f e c t s  cou ld  be  compared. Complementary data 
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would be c o l l e c t e d  by t h e  Vandenberg Bioenvi ronmenta l  Eng inee r  

(AFR 19-7).  Post - launch  surveys  would a l s o  be conducted t o  

de t e rmine  t h e  p a t h  of t h e  launch c loud  d e p o s i t i o n  and assess 

l aunch  impac t s  n e a r - f i e l d  and f a r - f i e ld ,  as h a s  been done a t  KSC.  

METHODS 

V e g e t a t i o n  Sampling 

V e g e t a t i o n  sampl ing  was c o n c e n t r a t e d  w i t h i n  a 1.5 km r e g i o n  

s o u t h  of SLC-6. Sampling was c o n c e n t r a t e d  i n  t h i s  r e g i o n  

because :  1) t h e  i n i t i a l  t h r u s t  of t h e  s o u t h - f a c i n g  flame t r e n c h  

w i l l  d i r e c t  t h a t  e x h a u s t  t o  t h e  s o u t h ;  2 )  t h e  main e n g i n e  flame 

t r e n c h  a l s o  e x h a u s t s  t o  t h e  sou th  and t h i s  may combine w i t h  t he  

S R R  e x h a u s t ;  3 )  t h e  p r e v a i l i n g  winds w i l l  most p robab ly  move t h e  

l a u n c h  c loud  i n  t h i s  d i r e c t i o n ;  4 )  e x p e r i e n c e  a t  KSC i n d i c a t e s  

t h a t  a c u t e ,  n e a r - f i e l d  impacts  w i l l  o c c u r  w i t h i n  1.0 t o  1.5 km of 

t he  l a u n c h  pad. 

Thi r ty- two v e g e t a t i o n  t r a n s e c t s  were p laced  i n  t h e  a n n u a l  

g r a s s l a n d - p a s t u r e  s o u t h  of  SLC-6, three t r a n s e c t s  were p l a c e d  

between t h e  p a s t u r e  f e n c e  and the  road ,  and two were p l a c e d  

between t h e  road and t h e  SLC-6 s e c u r i t y  f e n c e  ( F i g u r e  1). 

T r a n s e c t s  were p laced  approx ima te ly  100 rn apart  on f i v e  l i n e s ;  

from east  t o  west these l i n e s  were a t  compass headings of 1 2 5 O ,  

140°, 155O, 170°, and 185O. Four t r a n s e c t s  were p l a c e d  between 

t h e  main  l i n e s  of t r a n s e c t s  t o  f i l l  gaps  i n  t h e  coverage .  

Three t r a n s e c t s  were p laced  on the  n o r t h  s i d e  of SLC-6. The 

n o r t h - f a c i n g  SHE3 f l ame  t r e n c h  may p o s s i b l y  d i r e c t  i t s  c loud  o n t o  

t h i s  area.  I n  most cases, t h e  n o r t h e r n  ground c loud  w I 1 1  have 
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Impacts  w i t h i n  t h e  pad s e c u r i t y  f e n c e  and a d j a c e n t  areas of 

b u i l d i n g s  and t h e n  be pushed southward by  t h e  p r e v a i l i n g  winds.  

Four t r a n s e c t s  were p laced  a t  t h e  lower  end of two canyons 

on t h e  s o u t h e a s t  s i d e  of SLC-6. Under some c o n d i t i o n s  t h e  l a u n c h  

c loud  may be c h a n n e l l e d  i n t o  these canyons.  S i x  t r a n s e c t s  were 

p l a c e d  a t  t h e  upper  ends of  t h e s e  canyons t o  d e t e r m i n e  i f  a c u t e  

l a u n c h  impacts would e x t e n d  t h a t  f a r .  

This sampl ing  shou ld  d e f i n e  t h e  most p r o b a b l e  areas o f  a c u t e  

l a u n c h  impacts  under  most laiinch c o n d i t i o n s .  Some t r a n s e c t s  w i l l  

p robab ly  be Impacted by e v e r y  launch .  A g r a d i e n t  of d e c l i n i n g  

l a u n c h  d e p o s i t i o n  wi th  d i s t a n c e  is  l i k e l y  i n  t h e  p a s t u r e  s o u t h  of 

SLC-6 where sampl ing  was c o n c e n t r a t e d .  Some t r a n s e c t s  may seldom 

o r  n e v e r  r e c e i v e  heavy l aunch  d e p o s i t i o n .  Fo r  a l a u n c h ,  data  

from these permanent t r a n s e c t s  would be  supplemented by data from 

a network of copper  p la tes ,  pH p a p e r ,  and b u l k  c o l l e c t o r s  (AFR 

19-7, Annex E ) ,  and pos t - launch  ground s u r v e y s  t o  d e t e r m i n e  nea r -  

f i e l d  and f a r - f i e l d  d e p o s i t i o n  p a t t e r n s  on v e g e t a t i o n  and 

s t r u c t u r e s  ( A F R  19-7, Annex E-2). Deployment of b u l k  c o l l e c t o r s  

on t h e  p o s t s  marking t h e  v e g e t a t i o n  sampl ing  t r a n s e c t s  would 

p r o v i d e  q u a n t i f i c a t i o n  of launch d e p o s i t i o n  and a l l o w  comparison 

of  d e p o s i t i o n  amount t o  v e g e t a t i o n  damage. The p re - l aunch  

v e g e t a t i o n  map of t h e  s i x  Master Planning  maps i n  the  SLC-6 

v i c i n i t y  p r o v i d e s  b a s e l i n e  c o n d i t i o n s  t o  which more d i f f u s e  

launch-Induced changes cou ld  b e  compared. 

V e g e t a t i o n  t r a n s e c t s  were 15 m i n  l e n g t h .  Both ends  of t h e  

t r a n s e c t s  were marked by metal f e n c e  p o s t s .  A numbered aluminum 

tag  was p l a c e d  on one of  t he  p o s t s .  T r a n s e c t s  were es tab l i shed  
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a n d  i n i t i a l l y  sampled i n  March 1986 (wet s e a s o n )  and resampled i n  

September 1986 ( d r y  s e a s o n ) .  V e g e t a t i o n  was sampled i n  0-0.5 m 

and  >0.5 m h e i g h t  classes u s i n g  l i n e - I n t e r c e p t  methods (Muel le r -  

Dombois and E l l enbe rg  1974) .  P e r c e n t  c o v e r  was r e c o r d e d  by t a x a .  

Species were i d e n t i f i e d  u s i n g  s t a n d a r d  manuals (Hoover 1970, Munz 

and Keck 1973, Smi th  1976) .  I n  the d r y  s e a s o n ,  ground c o v e r  i n  

t h e  annua l  g r a s s l a n d - p a s t u r e  was o f t e n  t h a t c h  (dead  grass and 

h e r b s ) .  Each t r a n s e c t  was photographed a t  t h e  w e t  s eason  

sampl ing  and again i n  t h e  d r y  season .  

V e g e t a t i o n  Mapping 

Vege ta t ion  of  t h e  area covered  by the  s i x  Master P l a n n i n g  

maps around SLC-6 (#53 ,  54, 57, 58, 60, 61)  was mapped. Maps 

were prepared  u s i n g  LANDSAT Thematic Mapper imagery and c o l o r  

i n f r a r e d  and  t rue c o l o r  ae r ia l  photography ( f lown  A p r i l  1986 and 

December 1986) and ground t r u t h i n g  t h e  r e s u l t i n g  maps. F i n a l  

maps were p repa red  a t  t he  s c a l e  of  t h e  Master P lann ing  maps 

. ( 1 : 9 6 0 0 )  i n  d i g i t a l  format  u s i n g  the  ERDAS g e o g r a p h i c a l  

i n f o r m a t i o n  s y s t e m .  F i n a l  maps a re  i n  t h e  same fo rma t  as t h o s e  

p repa red  f o r  the  rest of Vandenberg unde r  a s e p a r a t e  p r o j e c t .  

S o i l  Sampling and  A n a l y s i s  

S o i l  samples were c o l l e c t e d  from t h e  0-3 i n c h  (0-7.5 c m )  

l a y e r  a t  a l l  t r a n s e c t s  i n  t h e  w e t  s e a s o n  sampl ing  (March 1986) .  

A t  f o u r  t ransec ts ,  s o i l s  were c o l l e c t e d  from t h e  6-12 I n c h  (15-30 

cm) l a y e r  f o r  comparison pu rposes .  I n  t h e  d r y  s e a s o n ,  s o i l s  were 

c o l l e c t e d  from t h e  0-3 i n c h  l a y e r  of  1 0  t r a n s e c t s  t o  compare wet 

1 0  
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and dry season soil characteristics. 

Soil samples were air dried. Subsamples were taken and 

ovendrled (50°C) for nitrate-nitrogen and ammonia-nitrogen 

analyses. Analyses of all parameters except organic matter were 

made in the NASA/KSC Environmental Chemistry Laboratory. pH was 

determined on a 1:l soil to water slurry (McLean 1982) using an 

Orion pH meter. Conductivity was measured on a 1:5 soil to water 

solution using a conductivity meter (Rhoades 1982). Exchangeable 

cations, Ca, Mg, Na, and K, were extracted in 1N ammonium acetate 

(Knudsen et al. 1982, Lanyon and Heald 1982) and analyzed by 

atomic absorption spectrophotometer using methods #20.1 (Ca), 

#12.1 (Mg), #11.1 (Na), and #l9.l (K) (Perkin-Elmer Corporation 

1982). 

Available metals, Cu, Fe, Mn, and Zn, were extracted in 

diethylenetriaminepentaacetic acid (DTPA) (Olson and Ellis 1982, 

Gambrel1 and Patrick 1982, Baker and Amacher 1982) and analyzed 

by atomic absorption spectrophotometer using methods #29.1 (Cu), 

#26.1 (Fe), #25.2 (Mn), and #30.1 (Zn). Exchangeable aluminum 

was extracted in 1N potassium chloride (Barnhisel and Bertsch 

1982) and analyzed by atomic absorption spectrophotometry using 

method #l3.1 (Perkin-Elmer Corporation 1982). 

Exchangeable nitrate-nitrogen (NO3-N) and ammonia-nitrogen 

("3-N)  were extracted in 2N potassium chloride (Keeney and 

Nelson 1982) and then analyzed on a Technicon Autoanalyzer using 

methods 100-7OW (NO3-N) (Technicon Industrial Systems 1973) and 

696-82W ("3-N) (Technicon Industrial Systems 1983a). Total 

Kjeldahl nitrogen (TKN) was determined by digestion (Schuman et 
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al. 2973)  followed by analysis on a Technicon Autoanalyzer using 

method 696-82W (Technicon Industrial Systems 1983b). 

Available phosphorus was determined by extraction in 

deionized water (Olsen and Sommers 1982) followed by analysis on 

a Technicon Autoanalyzer using method 696-82W (Technicon 

Industrial Systems 1983~). 

Cation exchange capacity was determined by the ammonium 

saturation method (Chapman 1965) followed by determination of 

ammonium by using a Technicon Autoanalyzer (method 696-82W) 

(Technicon Industrial Systems 1983a). 

Organic matter was determined by the combustion method 

(Nelson and Sommers 1982). Organic matter determinations were 

made by Post, Buckley, Schuh, and Jernigan, Inc., Orlando, 

Florida. 

RESULTS 

J,ocation of sample transects i s  given in Figure 1. 

Vegetation composition of the transects in the wet and dry season 

is  given in Appendix I, Tables 1-1 through 1-50. 

Selected environmental variables are summarized in Appendix 

IT, Table 11-1. Soil chemical characteristics are given in 

Appendix 11, Table 11-2 for the wet season samples and in 

Appendix 11, Table 11-3 for the dry season. Lists of the slides 

taken to photodocument the vegetation sampling are given in 

Appendix IIT, Tables 111-1 and 111-2. Slides are archived at the 
I 

I Vandenberg S D / D E C  office. 
I In the immediate vicinity of the SLC-6 facility, the 



predominant  v e g e t a t i o n  i s  annual  g r a s s l a n d  Find c o a s t a l  sage 

s c r u b .  Chapa r ra l  o c c u r s  on s l o p e s  n o r t h  of t h e  pad and I s  a 

minor e lement  i n  t h e  p a s t u r e  sou th  of SLC-6. V e g e t a t i o n  changes 

between the  wet s e a s o n  and the d ry  s e a s o n  i n  t h e  a n n u a l  g r a s s l a n d  

are great .  The annua l  grasses and f o r b s  p r e s e n t  i n  t h e  s p r i n g  

d i e  back i n  the  d ry  season  and are e i t h e r  comple t e ly  a b s e n t  o r  

p r e s e n t  o n l y  i n  minor q u a n t i t i e s .  Much of t h e  l i v e  c o v e r  i n  t h e  

wet s e a s o n  i s  t ransformed i n t o  t h a t c h  i n  t h e  d r y  s e a s o n .  Some 

f a l l - f l o w e r i n g  s p e c i e s  occur  t h a t  are a b s e n t  o r  i n c o n s p i c u o u s  i n  

t h e  s p r i n g .  Bare ground i n c r e a s e s  from t h e  wet s e a s o n  t o  t h e  d r y  

s e a s o n .  Graz ing  p robab ly  i n c r e a s e s  t h e  amount of bare ground.  

Changes a l s o  occur  i n  shrub  communit ies ,  p a r t i c u l a r l y  

c o a s t a l  s a g e  s c r u b ,  between t h e  w e t  s e a s o n  and t h e  d r y  s e a s o n .  

These changes i n c l u d e  s h r u b s  growing i n  h e i g h t  so t h a t  t h e y  are  

p r e s e n t  i n  t h e  >0.5 m class rather t h a n  t h e  <0.5 m c lass ,  

i n c r e a s e  i n  cove r  by h o r i z o n t a l  canopy growth of s h r u b s ,  and l o s s  

of  l e a v e s  (and  c o v e r )  by sh rubs  t h a t  are  d rough t  dec iduous .  

S e v e r a l  s p e c i a l  i n t e r e s t  p l a n t s  were r e p o r t e d  from t h e  SLC-6 

area by Reauchamp and Oberbauer (1977)  i n c l u d i n g  A r c t o s t a p h y l o s  

v i r i d i s s i m a ,  Cast i l le ja  m o l l i s ,  Ceanothus impressus ,  and 

S c r o p h u l a r i a  a t r a t a .  S e v e r a l  of these p o p u l a t i o n s  were i n  areas 

s i n c e  c l e a r e d  f o r  f a c i l i t i e s  a s s o c l a t e d  w i t h  SLC-6. 

A r c t o s t a p h y l o s  v i r i d i s s i m a  was r e p o r t e d  from s l o p e s  west of 

the SLC-6 area a p p a r e n t l y  o u t s i d e  of what is now t h e  s e c u r i t y  

f e n c e  (Beauchamp and Oberbauer 1977) .  These  p o p u l a t i o n s  may 

s t i l l  b e  e x t a n t  b u t  were n o t  encountered  i n  t h e  p r e s e n t  s t u d y .  

From t h e  range  d e s c r i p t i o n s  i n  S m i t h  (19761, t h i s  t axon  is  more 



l i k e l y  t o  be - A .  p u r i s s i m a  o r  - A .  r e f u g i o e n s i s .  These manzan i t a s  

are  l i s t e d  by t h e  C a l i f o r n i a  Na t ive  P l a n t  S o c i e t y  (CNPS)  (Smith 

and York 1984)  b u t  have n o t  been proposed  f o r  federal  l i s t i n g .  

Cas t i l l e ja  m o l l i s  occu r red  bo th  i n s i d e  and o u t s i d e  

c o n s t r u c t i o n  a r e a s  n e a r  SLC-6 (Beauchamp and Oberbauer  1977)  and 

sca t te red  p o p u l a t i o n s  p robab ly  still e x i s t .  No major  p o p u l a t i o n s  

were encountered  d u r i n g  t h i s  s t u d y .  The t axon  has been proposed 

f o r  federal  l i s t i n g  (Ca tegory  2 )  and i s  c o n s i d e r e d  rare and 

endangered  i n  C a l i f o r n i a  and elsewhere by t h e  CNPS ( L i s t  1 R )  

(Smith and York 1984) .  

Ceanothus impressus  o c c u r r e d  i n  s e v e r a l  areas i n  t h e  SLC-6 

v i c i n i t y  (Reailchamp and Oberbauer 1977) .  It i s  p r e s e n t  i n  t h e  

pas tu re  s o u t h  of SLC-6 ( t r a n s e c t  #30) i n  a n  area which cou ld  

r e c e i v e  ac id  d e p o s i t i o n  from S h u t t l e  l a u n c h e s .  T h i s  t a x o n  does  

n o t  p r e s e n t l y  have any fo rma l  p r o t e c t i o n  s t a t u s .  It was 

c o n s i d e r e d  f o r  l i s t i n g  by the  CNPS b u t  is p r e s e n t l y  c o n s i d e r e d  

t o o  common t o  l i s t  (Appendix I,  Smi th  and York 1984) .  

S c r o p h u l a r i a  a t ra ta  was r e p o r t e d  i n  s e v e r a l  areas n e a r  SLC-6 

(Beauchamp and Oberbauer 1977) .  

f ede ra l  l i s t i n g  (Ca tegory  2 ) ;  it has been placed on L i s t  3 

- S. a t r a t a  has been proposed f o r  

( p l a n t s  about  which more i n f o r m a t i o n  i s  needed)  by t h e  CNPS 

( S m i t h  and York 1984) .  Taxonomic u n c e r t a i n t y  ex i s t s  a b o u t  t h i s  

s p e c i e s  s i n c e  i t  h y b r i d i z e s  e x t e n s i v e l y  w i t h  - S. c a l i f o r n i c a  

(Smi th  1983) .  S c r o p h u l a r i a  was encoun te red  i n  t h i s  s t u d y  i n  t h e  

canyon bottoms d i r e c t l y  sou theas t  of SLC-6. These  p l a n t s  have 

t e n t a t i v e l y  b e e n  a s s i g n e d  t o  - S. c a l i f o r n i c a ,  b u t  ongoing  

taxonomic work nay c l a r i f y  t h e  s i t u a t i o n  (Chuck Pe rg le r ,  pers.  
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comm. 1. 

Cirs ium rhothophi lum,  cons idered  rare and endangered  i n  

C a l i f o r n i a  ( L i s t  1B) and proposed f o r  federal  l i s t i n g  (Ca tegory  

2) (Smi th  and York 19841, occur s  on P o i n t  Argue l lo  (Chuck 

Perg ler ,  pers. comm.). T h i s  p o p u l a t i o n  i s  u n l i k e l y  t o  be 

Impacted by S h u t t l e  l aunches  g iven  i t s  d i s t a n c e  ( > 2  km) from the  

l aunch  s i t e  and tha t  i t  is  west of SLC-6, whi le  t h e  most l i k e l y  

i n i t i a l  d i r e c t i o n  of c loud  movement i s  t o  t h e  s o u t h  o r  s o u t h e a s t .  

Monardel la  c r i s p a  o c c u r s  i n  scat tered p o p u l a t i o n s  i n  

d i s t u r b e d  areas i n  the v i c i n i t y  of SLC-6 (Chuck P e r g l e r ,  pers. 

comm.). Monardel la  c r i spa  and t h e  related Monarde l la  u n d u l a t a  

v a r .  f r u t e s c e n s  have both  been proposed f o r  federal l i s t i n g  

(Category 2 )  and are cons ide red  rare and endangered  i n  C a l i f o r n i a  

( L i s t  Smith and York 1984) .  Some taxonomic c o n f u s i o n  ex is t s  

as t o  t h e  p r o p e r  nomencla ture  of t h e  two p e r e n n i a l  species of 

Monardel la  i n  t h i s  area (Smith 19831, b u t  bo th  have  t h e  same 

s ta tus  as r e g a r d s  p r o t e c t i o n .  S i n c e  o n l y  small s c a t t e r e d  

p o p u l a t i o n s  are p r e s e n t  n e a r  SLC-6, and t h e  t axon  i s  abundant  i n  

o t h e r  par ts  of the  base (Henningson, Durham and Richardson  1979)  

impacts of  S h u t t l e  l aunches  t o  i t  would be minor.  

T h e  v e g e t a t i o n  map has been prepared t o  b e  compa t ib l e  w i t h  

t h e  map f o r  t h e  e n t i r e  base. 

Comparisons of t h e  chemical  character is t ics  o f  soils f rom 

t h e  p l o t s  sampled i n  bo th  t he  wet and d r y  s e a s o n s  are g i v e n  i n  

T a b l e s  1 through 4. S o i l s  i n  the s a m p l i n g  area v a r y  g r e a t l y  i n  

chemical cha rac t e r i s t i c s ;  t h e r e f o r e ,  on ly  g e n e r a l  compar isons  of  

t h e  t r e n d s  of i n c r e a s e  o r  d e c r e a s e  of c e r t a i n  parameters between 



statistical comparisons. There are, however, seasonal trends in 

many o f  the soil parameters. 

Cations (Ca, Mg, K, Na) generally increase from the wet 

season to the dry season (Table 2). Probably as a result of the 

increase in cations, pH and conductivity also generally increase 

(Table 1). 

Organic matter and cation exchange capacity generally 

increase from the wet to dry season (Table 1). Total Kjeldahl 

nitrogen and ammonia-nitrogen concentrations generally increase 

from the wet to dry season while nitrate-nitrogen generally 

decreases (Table 3). Phosphate-phosphorus does not show a clear 

seasonal trend (Table 3). 

Available concentrations of certain metals (Al, Cu, Fe) 

decline from the wet season to the dry season while others (Mn, 

Zn) are variable, without definite seasonal trends (Table 4). 

DISCUSSION 

What impacts are likely from Shuttle launches from SLC-6 to 

terrestrial systems? Acid deposition of sufficient intensity to 

cause significant vegetation damage is most likely in the area 

south of the launch complex. Within about 1 km of the launch 

site, acid deposition will probably kill sensitive species and 

damage shrubs. Repeated launches will probably result in the 

loss of the shrub  layer In the area of repeated severe impact. 

Erosion I s  likely on slopes where vegetation cover is lost. 

Vegetation areas within the SLC-6 security fence in line with the 

south SHE3 flame trench will probably h e  denuded and cause erosion 
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Table  1. Chemical c h a r a c t e r i s t i c s  of t h e  0-7.5 cm l a y e r  of soils 
of p l o t s  sampled i n  t h e  wet and d r y  s e a s o n s .  

Conduct iv i ty  OM CEC 
( umho / cm ) (5) (meq/ 100g) 

P l o t  # Wet D r y  Wet Wet Dry  Wet Dry 
PH 

Season Season Season Season Season Season Season Season 

3 
13 
2 1  
24  
26 
36 
38 
4 2  
46 

' 48 

5.87 
5.65 
5.58 
6.04 
5.77 
5.67 
5.44 
4.73 
5.13 
6.52 

5.88 
5.74 
5.67 
6.00 
6.13 
5.65 
5.75 
4.78 
5.60 
6.54 

193.7 
100.0 
106.5 

94 .4  
71.4 
56.9 

101.6 
197.8 

92.8 
78.9 

152.1 
129.0 
210.6 
178.5 
140.4  
280.8 
114.7 
222.3 
131.2 
131.0 

15.4 17.2 31.3 36.0 
6.2 7.8 11 .4  15.7 
9.3 12.6 15.9 21.5 
4.6 6.5 8.0 13.3 
6.8 10.5 11.5 20.9 
5.7 9.9 8.4 17.4 
7.6 13.0 15.2 35.6 

28.7 26.0 38.4 37.8 
11.1 11.9 5.5 6.9 

7.0 11.0 13.7 21.5 

Table 2. Concen t r a t ions  of c a t i o n s  i n  t h e  0-7.5 c m  layer of 
s o i l s  of p l o t s  sampled i n  t he  w e t  and d r y  seasons .  

C a+ Mg+ 
(mg/kg) (mg/kg) 

P l o t  # Wet Dry Wet Dry 
Season Season Season Season 

3 1964.0 1722.0 1048.0 1014.0 
13  624.0 818.0 286.4  268.0 
21 1000.0 1364.0 483.2 582.0 
24 880.0 990.0 276.0 298.2 
26 936.0 1340.0 384.8 484.0 
36 680.0 1182.0 268.8 456.4 
38 856.0 1676.0 781.6 839.6 
4 2  872.0 1192.0 751.2 958.4 
46 608.0 754.0 492.0 453.6 
48 1752.0 1864.0 365.6 383.2 

K+ Na+ 
( mg/kg) (mg/kg) 

Wet Dry Wet Dry  
Season Season Season Season 

1068.0 
488.0 
616.0 
912.0 
736.0 
352.0 
512.0 
320.0 
560.0 

1336.0 

1088.0 145.4 312.3 
830.0 135.5 170.6 
890.0 173.8 221.7 
964.0 77.2 138.6 
862.0 110.4 157.3 
672.0 94 .0  308.9 

1208.0 283.5 227.8 
564.0 188.4 235.4 
773.0 82.8 123.1 
880.0 80.4 167.9 
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Tab le  3. Concen t r a t ions  of phosphorus and n i t r o g e n  s p e c i e s  i n  
t h e  0-7.5 cm layer  of s o i l s  of p l o t s  sampled i n  the  w e t  
and d r y  seasons .  

"3-N 
( mg/ kg 1 

Wet Dry 

p04-P TKN 
(mg/kg) (mg/kg) 

P l o t  # Wet Dry Wet Dry Wet Dry 
Season Season Season Season Season  Season  Season  Season  

3 
13 
21 
24 
26 
36 
313 
4 2  
46 
48 

3.09 2.16 5396 
2.06 1.26 2761 
2 . 4 2  5.55 4346 
5.68 1 .61  1770 
1.69 2.18 2561 

.98 1.30 2204  

.59 1.28 2610 
1.87 2.19 11752 
1.91 1.83 2437 
1.63 2 . 4 1  3887 

6011 
3957 
5578 
27 26 
4647 
4020 
3210 

11380 
2761 
2266 

65.1 3.20 10.20 
18.6 11.6 9.85 
25.6 23.0 
10.6 19.6 
26.1 13.9 

8 .1  12.7 
3b6 3.1 

53.8 26.0 
22.7 14.8 
16 .1  3.1 

7.07 

9.85 

8.64 
7.69 
5.88 

23.20 
5.25 

12.20 

14.80 
9.88 

15.80 
15.45 
14.70 
20.00 
10.20 
20.60 
12.35 
12.60 
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T a b l e  4. Concen t ra t ions  of s e l e c t e d  metals i n  t h e  0-7.5 cm l a y e r  
of soils of p l o t s  sampled i n  the wet and d r y  s e a s o n s .  

A 1  cu  Fe Mn 
(mg/kd ( m g / k d  (mg/kg) (mg/kg) 

Season Season Season Season Season Season Season Season 
Plot # Wet D r Y  Wet Dry Wet D r y  Wet Dry  

3 .40 . 00 -72 50 166.96 110.60 19.0 26.6 
13 .a0 .oo .40 .24 102.24 78.40 17.9 20.2 

24 1.60 .oo .44 .33 113.84 91.50 7.7 13.1 
26 1.20 .oo .56 .40 91.60 59.20 27.7 21.1 
36 1.20 000 .48 .48 137.20 118.40 11.7 19.3 
38 6.00 .oo 1.28 .42 193.84 95.20 14.5 10.0 
42 18.80 3.40 .36 .46 292.80 217.40 1.8 28.2 

48 0.00 .oo .26 032 35.60 26.00 14.4 19.1 

21 2.00 . 00 .48 .28 142.24 81.80 23.0 21.7 

46 4.40 .10 .72 .41 106.08 60.00 18.4 20.8 

Zn 
( m g / k d  

P l o t  # Wet Dry 
Season Season 

3 
13 
21 
24 
26 
36 
38 
42 
46 
48 

77.6 69.3 
10.1 15.4 
6.8 13.0 
3.8 13.9 
35.2 12.8 
9.7 115.2 
22.0 72.1 
23.5 18.4 
3.7 3.9 
2.1 4.8 



problems.  

as t h o s e  from Pad 39A a t  KSC t h a t  produced cumula t ive  impac t s  

(Schmalzer  e t  a l .  1985) .  However, v e g e t a t i o n  r ecove ry  is l i k e l y  

t o  be  s l o w e r  a t  Vandenberg t h a n  a t  KSC because  of  t he  low 

r a i n f a l l  and ex tended  d r y  season .  E f f e c t s  of d e s p o s i t i o n  on 

s e e d l i n g  s u r v i v a l  and  g e r m i n a t i o n  may a l s o  i n f l u e n c e  r e c o v e r y .  

Launches a t  SLC-6 are n o t  p r o j e c t e d  t o  be  as f r e q u e n t  

S p e c i e s  of t h e  annua l  g r a s s l a n d  and c o a s t a l  sage s c r u b  

communities a r e  l i k e l y  t o  be modera t e ly  t o  v e r y  s e n s i t i v e  t o  

launch  d e p o s i t i o n  based on t h e i r  leaf morphology. The s p e c i e s  

most resistant t o  l a u n c h  d e p o s i t i o n  a t  K S C  are t h o s e  w i t h  h e a v i l y  

c u t i n i z e d  l e a v e s  such  as saw p a l m e t t o  (Se renoa  r e p e n s )  and 

eve rg reen  oaks ( Q u e r c u s  spp . )  o r  p e r e n n i a l  grasses a d a p t e d  t o  

s a l t  spray (e.@;., sea o a t s  [Unio la  p a n i c u l a t a ] )  (Schmalzer  e t  

a l .  1985) .  S i m i l a r  d i f f e r e n c e s  i n  species s e n s i t i v i t i e s  have  

been shown i n  e x p e r i m e n t a l  t e s t s  w i t h  gaseous  hydrogen c h l o r i d e  

and  h y d r o c h l o r i c  ac id  mists (Heck e t  a l .  1980, G r a n e t t  1984) .  

The g r a s s e s  and f o r b s  i n  t h e  annua l  g r a s s l a n d  have t h i n ,  

r e l a t i v e l y  u n c u t i n i z e d  l e a v e s .  The drought -dec iduous  s h r u b s  of 

t h e  c o a s t a l  sage s c r u b  are a l s o  l i k e l y  t o  be r e l a t i v e l y  s e n s i t i v e  

t o  l aunch  i m p a c t s .  Baccha r i s  p l l u l a r i s  s s p .  consanguinea ,  a n  

impor t an t  c o a s t a l  sage s c r u b  s p e c i e s ,  has l e a v e s  r e sembl ing  

Baccha r i s  h a l i m i f o l i a ,  one of t h e  more s e n s i t i v e  s h r u b  species a t  

K S C  (Schrnalzer e t  a l .  1985) .  Chaparral  s h r u b  s p e c i e s  are l i k e l y  

t o  be more r e s i s t a n t  t o  l aunch  d e p o s i t i o n  t h a n  c o a s t a l  sage s c r u b  

s h r u b s  b u t ,  excep t  f o r  one s l o p e  t o  t h e  n o r t h  of  SLC-6 and some 

p a t c h e s  of shrubs  i n  t h e  p a s t u r e  s o u t h  of SLC-6, are n o t  l i k e l y  

t o  be exposed t o  heavy d e p o s i t i o n .  Z a m m i t  and Zedler ( 1 9 8 8 )  
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showed d i f f e r e n c e s  i n  s p e c i e s  s e n s i t l v i t y  t o  a c i d  d e p o s i t i o n  f o r  

s e e d l i n g  s u r v i v a l  and ge rmina t ion  among s e v e r a l  n a t i v e  s p e c i e s .  

It  might be p o s s i b l e  i n  some areas t o  r e p l a c e  s e n s i t i v e  

s p e c i e s  w i t h  t h o s e  more r e s i s t a n t  t o  l aunch  d e p o s i t i o n .  A t  KSC, 

g r a s s e s  ( and  g ramino ids )  p e r s i s t  l o n g e r  i n  t h e  l a u n c h  impact  zone 

than  sh rubs .  However, these are p e r e n n i a l  s p e c i e s  w i t h  

underground o rgans  (e.g., rhizomes)  from which t h e y  s p r o u t  when 

d e f o l i a t e d .  For  sea o a t s ,  r e s i s t a n c e  t o  acid d e p o s i t i o n  i s  

p robab ly  a consequence of a d a p t a t i o n  t o  a s a l t  s p r a y  envi ronment .  

The common grasses a t  Vandenberg are E u r a s i a n  a n n u a l s  and may 

l a c k  t h e  a b i l i t y  t o  s p r o u t  af ter  d e f o l i a t i o n .  

Whether n a t i v e  p e r e n n i a l  g r a s s e s  such  as S t i p a  p u l c h r a  

( p u r p l e  n e e d l e  grass) o r  Elymus condensa tus  ( g i a n t  r y e )  would be 

res i s tan t  t o  l aunch  d e p o s i t i o n  is n o t  known. 

The phenology of t h e  v e g e t a t i o n  a t  t h e  t i m e  of l aunch  i s  

l i k e l y  t o  i n f l u e n c e  t h e  r e s u l t i n g  impac t s .  A l aunch  i n  t h e  d r y  

season  would have l i t t l e  d i r e c t  impact  on a n n u a l  grasses an8  

herbs  t h a t  were a l r e a d y  dormant o r  on s h r u b s  t h a t  had l o s t  t h e i r  

l e a v e s ,  b u t  might  impact s h r u b s  such  as B a c c h a r i s  p i l u l a r i s  tha t  

r e t a i n  t he i r  l e a v e s .  For a d r y  season  l aunch ,  d e p o s i t i o n  may 

acci imulate  on t h e  s o i l  s u r f a c e  and on dead g r a s s e s  and herbs  

u n t i l  t he re  I s  s u f f i c l e n t  ra infa l l  t o  leach i t  i n t o  t he  s o i l .  A 

l a u n c h  e a r l y  i n  t h e  growing season  might be fo l lowed  by r ecove ry  

from s p r o u t i n g  s h r u b s  and herbs and  g e r m i n a t i n g  seeds, b u t  f o r  a 

l a u n c h  l a t e  i n  t h e  growing season ,  r ecove ry  migh t  be d e l a y e d  

u n t i l  t h e  f a l l  r a i n s .  Seed l ings  may be more s e n s i t i v e  t o  

d e p o s i t i o n  t h a n  a d u l t  p l a n t s .  A t  K S C ,  new growth of many s h r u b s  
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is  more s e n s i t i v e  t h a n  o l d e r  f o i l a g e .  

Launch impacts  t o  s p e c i a l  i n t e r e s t  p l a n t s  are l i k e l y  t o  be  

m i n i m a l .  Ceanothus impressus  i s  i n  a n  area t h a t  c o u l d  r e c e i v e  

l a u n c h  d e p o s i t i o n  b u t  is s u f f i c i e n t l y  d i s t a n t  t h a t  i t  would 

p robab ly  n o t  be  e l i m i n a t e d .  It  i s  a l s o  p r e s e n t  i n  many o t h e r  

areas on the  base. S c r o p h u l a r i a  does  o c c u r  i n  a n  area l i k e l y  t o  

r e c e i v e  launch  d e p o s i t i o n  and these p l a n t s  c o u l d  be e l i m i n a t e d  by 

repeated l aunches .  The taxonomic s t a t u s  of t h i s  p o p u l a t i o n  i s  

u n c e r t a i n ,  as p r e v i o u s l y  no ted .  If i t  i s  - S. a t r a t a  ra ther  t h a n  

- S.  c a l i f o r n i c a ,  t h e n  - S. a t ra ta  would have  t o  be c o n s i d e r e d  ra ther  

abundant  on Vandenberg and t h e  l o s s  of  t h e  small p o p u l a t i o n  n e a r  

SLC-6 would b e  a minor impact .  Other s p e c i e s  are  p r e s e n t  i n  

small numbers ( C a s t l l l e j a  mollis) o r  n o t  i n  t h e  area l i k e l y  t o  

r e c e i v e  ac id  d e p o s i t i o n  (Cirsium rho thoph i lum) .  

Seasona l  t r e n d s  i n  s o i l  c h a r a c t e r i s t i c s  o c c u r  i n  r e l a t i o n  t o  

t h e  ex tended  d r y  s e a s o n .  C a t i o n s  accumula te  i n  t h e  s u r f a c e  s o i l  

i n  t h e  absence  of l e a c h i n g  from heavy r a i n f a l l .  C a t i o n s  may be 

added  t o  t h e  surface s o i l  from d r y  d e p o s i t i o n ,  s a l t  s p r a y ,  fog ,  

o r  m i n e r a l i z a t i o n  of o r g a n i c  matter. I n c r e a s i n g  c a t i o n  

c o n c e n t r a t i o n s  p robab ly  accoun t  f o r  t h e  i n c r e a s e  i n  pH and 

c o n d u c t i v i t y .  The i n c r e a s e  i n  pH, i n  t u r n ,  may d e c r e a s e  t h e  

a v a i l a b i l i t y  of c e r t a i n  metals. 

S o i l  o r g a n i c  matter i n c r e a s e s  from t h e  wet s e a s o n  t o  t h e  d r y  

s e a s o n .  Decomposition may b e  l imi t ed  d u r i n g  the  d r y  s e a s o n ,  s o  

t h a t  l i t t e r  o r  r o o t  biomass added t o  t h e  s o i l  d u r i n g  t h e  growing 

s e a s o n  is no t  comple t e ly  degraded w h i l e  t h e  s o i l  reamins  d r y .  

I n c r e a s e s  I n  o r g a n i c  matter may a l s o  accoun t  f o r  t h e  i n c r e a s e  i n  
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c a t i o n  exchange c a p a c i t y  and t o t a l  Kje ldahl  n i t r o g e n .  

S i n c e  s e a s o n a l  t r e n d s  i n  many s o i l  c h a r a c t e r i s t i c s  do o c c u r ,  

these would have t o  be cons ide red  i n  i n t e r p r e t i n g  t h e  impac t s  of 

S h u t t l e  l aunches  on the  s o i l s .  S o i l  c o n d i t i o n s  p r e v i o u s  t o  a 

l aunch  i n  t h e  w e t  s eason  w i l l  d i f f e r  from t h o s e  p r e v i o u s  t o  a d r y  

season  launch .  Trends t h a t  might h e  a t t r i b u t e d  t o  l a u n c h  

impacts ,  decreased pH, decreased  c a t i o n s ,  and i n c r e a s e s  i n  

a v a i l a b l e  A l ,  Cu, and Fey  a c t u a l l y  o c c u r  as s e a s o n a l  p a t t e r n s  

go ing  from the d r y  season  t o  t h e  w e t  s e a s o n .  

RECOMMENDATIONS 

C u r r e n t  p l a n s  c a l l  f o r  S h u t t l e  l aunches  t o  beg in  from 

Vandenberg n o t  b e f o r e  1992, a d e l a y  of s i x  years from the  

s a m p l i n g  of b a s e l i n e  c o n d i t i o n s .  These p l a n s  could  be s u b j e c t  t o  

changes t h a t  would r e s u l t  i n  S h u t t l e  l a u n c h e s  b e f o r e  t h i s  

i n t e n d e d  date  o r  a l o n g e r  d e l a y .  What a c t i o n s  shou ld  be t a k e n  t o  

m a i n t a i n  t h e  v a l i d i t y  of t h e  d a t a  base o r  t o  rees tab l i sh  b a s e l i n e  

c o n d i t i o n s  b e f o r e  t h e  i n i t i a l  S h u t t l e  l aunch  from SLC-6? 

S e v e r a l  o b s e r v a t i o n s  i n d i c a t e  t h a t  v e g e t a t i o n  i n  t h e  SLC-6 

area changes on v a r i o u s  time s c a l e s .  Comparison of s p r i n g  and 

f a l l  samples of t h e  same t r a n s e c t s  i n d i c a t e  changes due t o  s h r u b  

growth  as well as  s e a s o n a l  die-back of annua l  and drought -  

dec iduous  s p e c i e s .  Vege ta t ion  t y p e  b o u n d a r i e s  have changed s i n c e  

t he  p r e p a r a t i o n  of t h e  San Diego S t a t e  U n i v e r s i t y  (SDSU) s t u d y  

v e g e t a t i o n  map (1974-75) t o  the p r e s e n t ,  p a r t i c u l a r l y  a l o n g  t h e  

b o u n d a r i e s  between s h r u b l a n d s  and grasslands.  S i n c e  t h e  S D S U  

s t u d y ,  t h e  area n e a r  SLC-6 was s u b j e c t  t o  a w i l d f i r e  i n  1977 and 
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p a r t  of i t  t o  a c o n t r o l l e d  burn  i n  1983 (Vandenberg F i r e  

P r o t e c t i o n  Branch r e c o r d s ) .  Catt le g r a z i n g  a l s o  o c c u r s  i n  t h e  

pasture s o u t h  of SLC-6. 

In  o r d e r  t o  m a i n t a i n  t h e  e x i s t i n g  s e t  o f  permanent p l o t s  and 

t o  reestablish b a s e l i n e  c o n d i t i o n s ,  we recommend t h e  f o l l o w i n g :  

1) A s u b s e t  of  t h e  p l o t s  shou ld  be e s t a b l i s h e d  by s u r v e y  i n  

o r d e r  t o  have f i x e d ,  permanent l o c a t i o n s  marked. Ten t r a n s e c t s  

( # 3 ,  13, 2 1 ,  24, 26, 36, 38,  42 ,  46,  48) would be  a r e a s o n a b l e  

sample.  

2 )  A l l  permanent t r a n s e c t s  s h o u l d  be v i s i t e d  once a y e a r  

a f t e r  g r a z i n g  is completed i n  t h e  p a s t u r e  s o u t h  of SLC-6 f o r  t h e  

year.  At, t h i s  t i m e ,  p o s t s  shou ld  be checked t o  make s u r e  t h e y  

r e m a i n  i n  p l a c e  and tags shou ld  be examined and r e p l a c e d  i f  

n e c e s s a r y .  (Cat t le  rubbing  a g a i n s t  t h e  p o s t s  removed s e v e r a l  

tags between March and September 1986.)  T r a n s e c t s  s h o u l d  b e  

photographed a t  t h i s  time and t h e  slides a r c h i v e d .  Notes of any 

obv ious  d i s t u r b a n c e s  such  as f i r e s  o r  o v e r g r a z i n g  s h o u l d  be 

made. I t  s h o u l d  be p o s s i b l e  t o  comple te  t h i s  su rvey  i n  one t o  

two d a y s .  

3 )  If S h u t t l e  l aunches  from SLC-6 do n o t  o c c u r  b e f o r e  1992, 

permanent t r a n s e c t s  shou ld  be resampled ,  a t  l e a s t  i n  t h e  wet 

s e a s o n ,  t o  de te rmine  t h e  baseline c o n d i t i o n s  p r i o r  t o  i n i t i a t i n g  

l a u n c h e s .  If l a u n c h e s  o c c u r  a t  a n  ea r l i e r  da te ,  a t  l eas t  a 

s u b s e t  of t h e  t r a n s e c t s  shou ld  be examined t o  d e t e r m i n e  t h e  

magn i tude  of changes t h a t  h sve  o c c u r r e d  and a d e c i s i o n  made as t o  

whether i t  i s  n e c e s s a r y  t o  resample a l l  of them. 

4) It i s  p robab ly  n o t  n e c e s s a r y  t o  resample soils f rom a l l  
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, -  

transects prior to a Shuttle launch from SLC-6. In the absence 

of major disturbance, s o i l s  would not he expected to change 

rapidly and the soils in the SLC-6 impact area are relatively 

well-buffered. However, seasonal differences in soil 

characteristics do occur. If a more detailed understanding of 

the seasonal patterns of soil properties is required, then more 

intensive sampling of soils in the dry season within a particular 

s o i l  type (or types) would be required. 

5) One year previous to Shuttle launches from Vandenberg the 

vegetation map for the SLC-6 area should be spot checked to 

determine if major changes i n  vegetation boundaries have occurred 

and if updating is necessary. Since the vegetation map should be 

available in digitized format in a geographic information system, 

revision of the nap should be less demanding than its original 

preparation . 
6 )  When Shuttle launches begin at SLC-6, cattle should be 

permanently excluded from the pasture directly south of SLC-6 in 

the area in which heavy deposition is expected due to the 

potential for bioaccumulation of deposition products. 

7) The potential for erosion from slopes that lose 

vegetation cover from launch impacts should be considered when 

planning launches from SLC-6. 
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Table 1-1. Composition (Percent Cover) of Transect #1 in March and September 1986 

TAXA >0.5m >0Sm < 0.5 c 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Chenopodium californicum 
Artemisia californica 
Vulpia myurodbromoides 
Pterostegia drymarioides 
Bromus rubens 
Erodium botrys 
Viola pedunculata 
Oxalis albicans 
Achillea millefolium 
Ranunculus californicus 
Stipa pulchra 
Thatch 
Bare ground 
Anagallis arvensis 

Total live cover 

22.0 

22.0 

23.3 30.7 34.7 
15.7 

14.0 7.0 .7 
9.7 
6.0 
6.0 
4.3 
2.7 
2.0 
1.3 
.7 
.7 

40.7 
4.0 

.7 

37.3 86.8 36.1 

Table 1-2. Composition (Percent Cover) of Transect #2 in March and September 1986 

TAXA >OSm >0.5m < 0.5 c 0.5m 
March September March September 

Artemisia californica 28.3 
Baccharis pilularis ssp. consanguinea 27.3 
Chenopodium californicum 2.7 
Claytonia perfoliata 
Cotula australis 
Anagallis arvensis 
Stachys bullata 
Stellaria media 
Pterostegia drymarioides 
Erodium botrys 
Viola pedunculata 
Bare ground 
Litter 
Brassica nigra 

Total live cover 58.3 

34.7 4.0 
40.0 2.0 

23.0 
13.3 
3.3 
2.0 
2.0 
2.0 
1.7 

.3 

.3 

74.7 53.9 

3.3 
2.7 

1 .o 

27.3 
3.3 
2.0 

9.0 
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Table 1-3. Composition (Percent Cover) of Transect #3 in March and September 1986 

TAXA > 0.5m >0.5m 0.5 c 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Artemisia californica 
Stipa pulchra 
Rerostegia drymarioides 
Claytonia perfoliata 
Bromus rubens 
Stachys bullata 
Calystegia macrostegia ssp. 

cyclos t eg ia 
Bare ground 
Festuca sp. 
Erodium cicutarium 
Chenopodium californicum 
Solanum umbelliferum 
Stellaria media 
Vulpia myurodbromoides 
Galium nutallii 
Thatch 
Litter 

Total live cover 

8.3 
3.7 
2.7 

14.7 

18.0 
4.0 

22.0 

31.7 29.3 
9.7 13.0 
6.0 

15.0 
11.0 
10.3 
5.0 

4.0 
4.0 23.3 
3.3 
2.7 
2.3 
1.3 
1.3 

.7 

.7 
18.0 
1.3 

105.0 42.3 

Table 1-4. Composition (Percent Cover) of Transect #4 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 30.0 
Lupinus chamissonis 12.7 
Bare ground 
Solanum umbelliferum 
Mirabilis californica 
Scrophularia californica 
Artemisia californica 
Calystegia macrostegia ssp. cyclostegia 
Chenopodium californicum 
Descurainia pinnata 

Total live cover 42.7 

41.3 5.3 4.7 
13.3 

16.7 37.3 
13.3 
7.3 
5.4 
4.7 3.3 
1.7 
1.3 
.3 

54.6 39.3 8.0 
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Table 1-5. Composition (Percent Cover) of Transect X5 in March and September 1986 

TAXA c 0.5m < 0.5m 
March September 

Claytonia perfoliata 
Pteridium aquilinum 
Rubus ursinus 
Eriogonum parvifolium 
Amsinckia intermedia 
Mimulus aurantiacus 
Bare ground 
Baccharis pilularis ssp. consanguinea 
Vulpia myuroslbromoides 
Galium aparine 
Stachys bullata 
Toxicodendron diversilobum 
Poaceae - unknown 
Eriophyllum confertiflorum 
Thatch 

Total live cover 

34.3 
21 .o 
13.7 
9.0 
8.7 
7.0 
7.0 
1.3 
1.3 

.7 

.7 

.7 

.7 

99.1 

15.3 
5.0 
20.7 

6.0 
20.0 
1.3 

.7 
1.3 
29.3 

50.3 
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Table 1-6. Composition (Percent Cover) of Transect #6 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Vulpia myuroslbromoides 
Achillea millefolium 
Eriogonum parvifolium 
Artemisia californica 
Pterostegia drymarioides 
Bromus carinatus 
Stachys bullata 
Calystegia macrostegia ssp. 

cyclostegia 
Marah fabaceus 
Erodium cicutarium 
Solanum sp. 
Stellaria media 
Claytonia perfoliata 
Viola pedunculata 
Poaceae - unknown 
Bare ground 
Chenopodium californicum 
Corethrogyne filaginifolia 
Unknown herb 
Asteraceae - unknown 
Calandrinia Ciliata var. menziesii 
Cirsium occidentale 
Unknown herb 
Thatch 
Lotus cf. scoparius 
Aster radulinus 
Elymus condensatus 

Total live cover 

.7 

.7 

3.3 

3.3 

33.3 
34.0 
17.7 
10.7 
7.7 
7.0 
3.7 
3.3 

2.7 
2.3 
2.0 
1.7 
1.7 
1.3 
1.3 
1.3 
1.3 
.7 
.7 
.7 
.3 
.3 
.3 
.3 

135.0 

42.0 

11.3 
8.0 

.7 

5.3 

35.3 
4 .O 
2.0 
.7 

68.7 

3 0  



Table 1-7. Composition (Percent Cover) of Transect #7 in March and September 1986 

TAXA > 0.5m >0Sm < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Me1 ica i mperf ecta 
Elymus condensatus 
Artemisia californica 
Vulpia myuros/bromoides 
Claytonia perfoliata 
Bromus carinatus 
Achillea millefolium 
Sariicula crassicaulis 
Stachys bullata 
Mimulus aurantiacus 
Stellaria media 
Viola pedunculata 
Eriophyllum confertifolium 
Toxicodendron diversilobum 
Astragalus sp. 
Conium rnaculatum 
Eriogonum parvifolium 
Erodium cicutarium 
Pterostegia drymarioides 
Dichelosternma pulchellum 
Thatch 
Bare ground 
Rubus ursinus 
Lupinus sp. 

Total live cover 

22.0 20.0 
4.7 
2.3 

2.7 

29.0 22.7 

13.0 
4.7 

4.0 
25.7 
13.3 
10.0 
6.3 
5.0 
5.0 
3.3 
2.0 
1.7 
1.3 
1.3 
.7 
.7 
.7 
.7 
.7 
.3 

100.4 

23.3 
.7 
2.0 
3.3 

.7 
2.7 

1.3 
.7 

52.7 
8.0 
.7 
.3 

35.7 

3 9  



Table 1-8. Composition (Percent Cover) of Transect #8 in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Artemisia californica 
Eriogonum parvifolium 
Erodium botrys 
Stipa pulchra 
Erodium cicutarium 
Bromus carinatus 
Achillea millefolium 
Stachys bullata 
Viola pedunculata 
Bromus diandrus 
Stellaria media 
Galium nuttallii 
Calystegia macrostegia ssp. cyclostegia 
Calandrinia cilliata var. menziesii 
Oxalis albicans 
Sonchus asper 
Claytonia perfoliata 
Rumex angiocarpus 
Amsinckia intermedia 
Brassica nigra 
Corethrogyne filaginifolia 
Vulpia myuros/bromoides 
Haplopappus venetus ssp. veronioides 
Pterostegia drymarioides 
Unknown moss 
Spergula arvensis 
Thatch 
Bare ground 
Bromus sp. 
Aster radulinus 
Lotus cf. scoparius 
Unknown herb 
Stachys bullata 

Total live cover 

8.7 
3.3 
2.3 

14.3 

9.3 
6.0 
4.0 

19.3 

9.3 

8.0 
24.0 
18.3 
10.0 
8.7 
6.3 
5.3 
5.0 
5.0 
3.3 
2.3 
1.7 
1.3 
1.3 
1.3 
1 .o 
1 .o 
.7 
.7 
.7 
.7 
.7 
.7 
.7 
.3 

118.3 

12.0 

8.0 

.7 

4.7 

45.3 
12.7 
2.0 
1.3 
1.3 
1.3 
.7 

32.0 
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Table 1-9. Composition (Percent Cover) of Transect t 9  in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 < 0.5m 
March September March September 

Haplopappus venetus ssp. vernonioides 3.3 2.7 7.3 
Bromus carinatus 43.0 
Erodium botrys 16.7 
Layia platyglossa 14.3 
Vulpia myuros/bromoides 10.3 
Hordeum- leporinum 
Erodium cicutarium 
Asteraceae - unknown 
Avena barbata 
Medicago polymorpha 
Rumex angiocarpus 
Calandrinia Ciliata var ribenziesii 
Capsella bursa-pastoris 
Oxalis albicans 
Bromus diandrus 
Calystegia macrostegia ssp. cyclostegia 
Sonchus asper 
Bare ground 
Thatch 
Hemizonia paniculata ssp. increscens 
Bromus sp. 
unknown herb 

Total live cover 

10.3 
7.7 
4.0 
3.3 
2.3 
2.0 1 .o 
1.3 

3.3 

1.3 
1.3 
.7 
.7 
.7 
.7 

122.6 

14:7 
66.0 
16.0 
1.3 
1.7 

27.3 

Table 1-1 0. Composition (Percent Cover) of Transect #lo in March and September 1986 

TAXA < 0.5m < 0.5m 
March September 

Bromus diandrus 
Erodium botrys 
Hordeum leporinum 
Bromus carinatus 
Cirsium occidentale 
Silybum marianum 
Thatch 
Bare ground 
Artemisia californica 

Total live cover 

58.0 
48.7 .3 
24.0 

.7 

.7 

10.7 l:o 

85.3 
10.0 
1.3 

142.8 2.6 
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Table 1-1 1. Composition (Percent Cover) of Transect #11 in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 c 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Erodium botrys 
Vulpia myuros/bromoides 
Bromus diandrus 
Hordeum leporinum 
Bromus carinatus 
Juncus sp. 
Brassica nigra 
Erodium sp. 
Capsella bursa-pastoris 
Rumex angiocarpus 
Spergula arvensis 
Erodium cicutarium 
Oxalis albicans 
Medicago polymorpha 
Thatch 
Bare ground 
Brassica nigra 
Hemizonia paniculata ssp. increscens 
Haplopappus venetus ssp. vernonioides 

Total live cover 

3.3 3.3 

3.3 3.3 

2.0 
31.3 
24.0 
20.7 
14.3 
4.7 
3.3 
2.7 
1.7 
1.3 
1.3 
1.3 
.7 
.7 
.3 

1 10.3 

4.7 

1.3 

2.3 

92.7 
1.3 
1 .o 
.7 
.3 

10.3 

4 2  



Table 1-12. Composition (Percent Cover) of Transect #12 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Hapolopappus venetus ssp. vernonioides 
Bromus carinatus 
Erodium botrys 
Hordeum leporinum 
Layia platyglossa 
Rumex angiocarpus 
Oxalis albicans 
Amsinckia intermedia 
Capsella bursa-pastoris 
Sonchus asper 
Erodium sp. 
Silybum marianum 
Chenopodium californicum 
Eschscholzia californica 
Medicago polymorpha 
Thatch 
Bare ground 
Unknown herb 
Festuca sp. 

Total live cover 

2.0 1.7 
51.3 
43.3 
14.0 
8.0 
6.7 
2.7 
2.3 
1.7 
1.7 
1.3 
1.3 
.7 
.7 
.7 

2.0 138.1 

4.7 
4.3 

.3 

5.0 
.7 

78.0 
12.3 
4.3 
1 .o 

20.3 

4 3  
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Table 1-1 3. Composition (Percent Cover) of Transect #13 in March and September 1986 

TAXA 0.5m < 0.5m 
March September 

Bromus carinatus 
Bromus diandrus 
Eschscholzia californica 
Silybum marianum 
Rumex angiocarpus 
Erodium botrys 
Erodium cicutarium 
Layia platyglossa 
Calandrinia Ciliata var. menziesii 
Hordeum leporinum 
Stachys bullata 
Sonchus asper 
Capsella bursa-pastoris 
Haplopappus venetus ssp. vernonioides 
Asteraceae - unknown 
Vulpia myurodbromoides 
Marah fabaceus 
Medicago polymorpha 
Thatch 
Bare ground 
Bromus sp. 

Total live cover 

30.7 
15.3 
11.7 
11.3 
10.7 
9.7 
9.7 
8.3 
4.0 
4.0 
4.0 
2.7 
2.0 
1.3 
2.0 

.7 

.7 

.3 

129.8 

2.0 

4.7 

.7 

2.7 

.7 

74.0 
10.7 
4.7 

15.5 

4 4  



Table 1-14. Composition (Percent Cover) of Transect t14 in March and September 1986 

~~ 

TAXA < 0.5m < 0.5m 
March September 

Stipa pulchra 
Bromus carinatus 
Vulpia myurodbromoides 
Baccharis pilularis ssp. consanguinea 
Avena barbata 
Erodium botrys 
Calystegia macrostegia ssp. cyclostegia 
Haplopappus venetus ssp. vernonioides 
Layia platyglossa 
Hordeum leporinum 
Bare ground 
Ranunculus californicus 
Erodium cicutarium 
Rumex angiocarpus 
Stellaria media 
Calandrinia Ciliata var. menziesii 
Dichelostemma pulchellum 
Asteraceae - unknown 
Oxalis albicans 
Thatch 
Hemizonia paniculata ssp. increscens 

Total live cover 

29.3 
21.3 
15.0 
13.3 
6.7 
5.7 
4.3 
4.0 
3.7 
2.7 
2.7 
2.7 
2.3 
2.3 
2.0 
1 .o 
.7 
.7 
.3 

120.7 

19.0 

3.0 

5.3 

71.3 
6.7 

34.0 
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Table 1-15. Composition (Percent Cover) of Transect #15 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Bromus carinatus 
Vulpia myuros/bromoides 
Toxicodendron diversilobum 
Bromus diandrus 
Stachys bullata 
Claytonia perfoliata 
Elymus condensatus 
Stellaria media 
Achillea millefolium 
Hordeum leporinum 
Rumex angiocarpus 
Cirsium occidentale 
Lupinus chamissonis 
Chenopodium californicum 
Melica imperfecta 
Sanicula crassicaulis 
Capsella bursa-pastoris 
Dichelostemma pulchellum 
Solanum douglasii 
Pterostegia drymarioides 
Thatch 
Bare ground 
Solidago californica 
Bromus sp. 

Total live cover 

9.3 10.0 

9.3 10.0 

2.7 
21 .o 
17.0 
12.3 
11.0 
10.0 
9.3 
4.7 
4.3 
4.0 
2.7 
2.7 
2.3 
2.3 
1.3 
1.3 
1 .o 

.7 

.7 

.7 

.7 

11 2.7 

6.0 

8.7 

1 :3 

8:O 

2.0 

.3 

68.0 
6.0 

.7 

.3 

27.3 

4 6  
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Table 1-16. Composition (Percent Cover) of Transect X16 in March and September 1986 

TAXA > 0.5m > 0.5m e 0.5 c 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Elymus condensatus 
Chenopodium californicum 
Toxicodendron diversilobum 
Conium maculatum 
Achillea millefolium 
Vulpia myuros/bromoides 
Claytonia perfoliata 
Bromus diandrus 
Artemisia douglasii 
Stellaria media 
Bromus carinatus 
Bromus rubens 
Thatch 
Bare ground 
Rubus ursinus 
Bromus sp. 

Total live cover 

36.0 
17.3 
2.7 

2.0 

58.0 

42.7 
10.0 

2:7 

55.4 

.7 
2.0 
7.3 
3.3 

20.0 
18.3 
14.0 
10.7 
3.3 
2.7 
2.0 
1.3 
1.3 

86.9 

8.0 
18.7 

3.0 

.3 

29.3 
6.7 
1.3 

.7 

32.0 
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Table 1-17. Composition (Percent Cover) of Transect #17 in March and September 1986 

I 4 8  

TAXA < 0.5m < 0.5m 
March September 

Stipa pulchra 25.3 
Layia platyglossa 16.3 
Hordeum californicum 12.7 
Erodium botrys 12.3 
Vulpia myurocdbromoides . 10.0 
Hordeum leporinum 8.7 
Spergula arvensis 6.3 
Achillea millefolium 4.3 
Capsella bursa-pastoris 4.0 
Stachys bullata 4.0 .7 
Rumex angiocarpus 3.7 1 .o 
Bromus carinatus 2.7 
Erodium cicutarium 2.7 
Erodium sp. 2.0 .7 
Haplopappus venetus ssp. vernonioides 1.7 8.3 
Calandrinia Ciliata var. mentiesii 1.3 
Bromus diandrus .7 
Lotus scoparius .7 .7 
Amsinckia intermedia .3 
Oxalis albicans .3 .3 
Thatch 83.3 
Bare ground 8.0 
Poaceae - unknown 2.3 
Hemizonia paniculata ssp. increscens .7 

Total live cover 120.0 14.7 
~~ 

Table 1-1 8. Composition (Percent Cover) of Transect #18 in March and September 1986 

TAXA c 0.5m c 0.5m 
March September 

Silybum marianum 71.3 
Hordeum leporinum 27.3 
Bromus carinatus 6.7 
Stellaria media 5.3 
Cirsium occidentale 1.3 
Erodium botrys 1.3 
Brassica nigra .7 
Rumex angiocarpus .7 

Bare ground 3.3 

Total live cover 114.6 0.0 

Thatch 96.7 



, 

Table 1-19. Composition (Percent Cover) of Transect #19 in March and September 1986 

> 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

TAXA 

Salvia mellifera 
Baccharis pilularis ssp. consanguinea 
Ceanothus impressus 
Rhamnus californica 
Marah fabaceus 
Calystegia macrostegia ssp. cyclostegia 
Rubus ursinus 
Stellaria media 
Claytonia perfoliata 
Pterostegia drymarioides 

Total live cover 

59.3 
28.0 
17.3 
10.7 
5.3 
1.3 
1.3 

54.0 
28.0 
24.0 
15.3 1.3 

7:3 1.3 
5.3 
2.0 
2.0 

.7 

128.6 2.0 123.2 10.6 

Table 1-20. Composition (Percent Cover) of Transect #20 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Artemisia californica 
Baccharis pilularis ssp. consanguinea 
Hordeum californicum 
Stipa pulchra 
Layia platyglossa 
Erodium botrys 
Vulpia myurodbromoides 
Eschscholzia californica 
Lotus scoparius 
Erodium sp. 
Bromus carinatus 
Haplopappus venetus ssp. vernonioides 
Rumex angiocarpus 
Erodium cicutarium 
Lupinus bicolor 
Oxalis albicans 
Chenopodium californicum 
Medicago polymorpha 
Viola pedunculata 
Calandrinia Ciliata var. menziesii 
Asteraceae - unknown 
Thatch 
Hemizonia paniculata ssp. increscens 
Bare ground 

5.3 
12.7 

14.0 
11.3 

5.7 
2.0 

20.3 
20.0 
10.7 
4.3 
4.0 
3.3 
3.3 
3.0 
2.7 
2.3 
2.3 
2.0 
1.3 
1.3 
.7 
.7 
.7 
.3 
.3 

3.3 
6.7 

4.7 

2.0 

64.0 
14.0 
2.0 

18.0 Total live cover 25.3 91.2 30.7 
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Table 1-21. Composition (Percent Cover) of Transect #21 in March and September 1986 

TAXA < 0.5m < 0.5m 
March September 

Layia platyglossa 
Hordeum leporinum 
E rod i urn bot rys 
Eschscholria californica 
Bromus carinatus 
Hordeum californicum 
Medicago polymorpha 
Lupinus bicolor 
Sonchus asper 
Asteraceae - unknown 
Brassica nigra 
Capsella bursa-pastoris 
Stellaria media 
Baccharis pilularis ssp. consanguinea 
Cirsium occidentale 
Erodium cicutarium 
Amsinckia intermedia 
Calandrinia Ciliata var. menziesii 
Vulpia myuros/bromoides 
Malva parviflora 
Rumex angiocarpus 
Spergula arvensis 
Anagallis arvensis 
Thatch 
Bare ground 
Hemitonia paniculata ssp. increscens 

40.3 
21.3 
14.3 
10.7 
8.7 
7.3 
3.0 
2.3 
2.3 
2.3 
1.7 
1.3 
1.3 
1 .o 
1 .o 
1 .o 

.7 

.7 

.7 

.7 

.7 

.7 

.3 

4.0 
5.3 

.3 

.3 

.7 

52.7 
26.7 

8.7 

Total live cover 124.0 19.3 
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Table 1-22. Composition (Percent Cover) of Transect #22 in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 < 0.5m 
March September March September 

Halopappus venetus ssp. vernonioides 
Bromus carinatus 
Hordeum leporinum 
Eschscholzia californica 
Erodium cicutarium 
Sonchus asper 
Vulpia myuros/bromoides 
Erodium botrys 
Capsella bursa-pastoris 
Asteraceae - unknown 
Spergula arvensis 
Medicago polymorpha 
Rumex angiocarpus 
Stachys bullata 
Cirsium occidentale 
Amsinckia intermedia 
Calystegia macrostegia ssp. cyclostegia 
Oxalis albicans 
Stellaria media 
Thatch 
Bare ground 
Poaceae - unknown 

Total live cover 

4.7 

4.7 

.7 
33.0 
28.7 
12.3 
9.3 
7.3 
6.0 
4.7 
3.0 
3.0 
2.7 
2.0 
1.7 
1.7 
1.3 

.7 

.7 

.3 

.3 

1 1  9.4 

5.3 

4.3 

.3 

.3 

1.3 

.7 

.3 

64.0 
26.7 
3.3 

15.8 
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Table 1-23. Composition (Percent Cover) of Transect #23 in March and September 1986 

I 5 2  

TAXA < 0.5m < 0.5m 
March September 

Brornus carinatus 21.3 

Stachys bullata 14.7 1 .o 
Erodium cicutariurn 9.0 

Hordeum leporinurn 16.7 

Baccharis pilularis ssp. consanguinea 8.7 11:s 
Eschscholzia californica 8.3 2.7 
Chenopodium californicum 6.3 
Hordeum californicum 6.3 
Bromus diandrus 6.0 

Erodium botrys 5.0 
Brassica nigra 2.7 
Vulpia myuroslbrornoides 2.7 
Medicago polymorpha 1.7 

Calystegia macrostegia ssp. cyclostegia 1.3 
Haplopappus venetus ssp. vernonioides 1.3 8:O 

Asteraceae - unknown 5.3 

Rumex angiocarpus 1.7 1 .o 

Layia platyglossa 1 .o 
Lupinus bicolor .7 
Oxalis albicans .7 .3 
Sonchus asper .7 
Amsinckia intermedia .3 
Thatch 69.3 
Bare ground 5.3 
Hemizonia paniculata ssp. increscens 1.3 
Poaceae - unknown 2.0 

, 

Total live cover 1 22.4 27.6 



Table 1-24. Composition (Percent Cover) of Transect #24 in March and September 1986 

TAXA < 0.5m < 0.5m 
March September 

Vulpia myuroslbromoides 29.7 
Brassica nigra 23.3 8.3 
Erodium botws 13.0 
Hordeum leporinum 
Bromus diandrus 
Bromus carinatus 
Chenopodium californicum 
Silyburn marianum 
Cirsium occidentale 
Claytonia perfoliata 
Anagallis arvensis 
Erodium cicutarium 
Rumex angiocarpus 
Medicago polymorpha 
Thatch 
Bare ground 
Juncus sp. 

12.0 
9.3 
8.0 
7.3 
4.0 
1.3 
1.3 
1 .o 

.7 

.7 

.3 
7410 

9.3 
2.0 

Total live cover 111.9 10.3 
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Table 1-25. Composition (Percent Cover) of Transect #25 in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 24.0 
Artemisia californica 3.3 
Chenopodium californicum 
Vulpia myuros/bromoides 
Bare ground 
Anagallis arvensis 
Rumex angiocarpus 
Eschscholzia californica 
Calandrinia Ciliata var. menziesii 
Claytonia perfoliata 
Oxalis albicans 
Pterostegia drymarioides 
Stellaria media 
Thatch 

Total live cover 27.3 

33.3 10.0 6.7 
5.3 8.3 15.7 

24.3 
12.0 
12.0 24.0 
8.0 1 .o 
1 .o 
.7 
.3 
.3 
.3 
.3 
.3 

12.7 

38.6 65.8 23.4 

Table 1-26. Composition (Percent Cover) of Transect #26 in March and September 1986 

TAXA s 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Artemisia californica 
Chenopodium californicum 
Haplopappus venetus ssp. vernonioides 
Vulpia myuros/bromoides 
Eschscholria californica 
Hordeum californicum 
E rodium bot rys 
Calystegia macrostegia ssp. cyclostegia 
Bromus carinatus 
Bromus mollis 
Marah fabaceus 
Oxalis albicans 
Rumex angiocarpus 
Brassica nigra 
Erodium cicutarium 
Cirsium occidentale 
Thatch 
Bare ground 
Bromus sp. 

Total live cover 

14.0 
1.3 

15.3 

38.7 19.7 
10.7 

1.3 3.3 
17.7 
15.7 
12.0 
9.0 
8.7 
7.3 
5.3 
4.0 
2.3 
1.7 
1.3 
1 .o 
.3 

40.0 120.0 

17.0 

.7 

.3 

.3 

70.0 
2.0 
.7 

19.0 
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Table 1-27. Composition (Percent Cover) of Transect #27 in March and September 1986 

TAXA >0.5m >0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilulafls ssp. consanguinea 
Artemisia californica 
Haplopappus venetus ssp. vernonioides 
Vulpia myurodbromoides 
Hordeum californicum 
promus carinatus 
Calystegia marcostegia ssp. cyclostegia 
Layia platyglossa 
Lupinus bicolor 
Chenopodium californicum 
Eschscholzia californica 
Erodium botrys 
Erodium cicutarium 
Cirsium occidentale 
Amsinckia intermedia 
Ranunculus californicus 
Capsella bursa-pastoris 
Thatch 
Hemizonia paniculata ssp. increscens 
Bare ground 
Rumex angiocarpus 

Total live cover 

9.3 
6.7 
1.3 

17.3 

10.7 
16.0 
4.7 

17.3 
15.3 
13.3 
12.0 
10.3 
7.7 
7.0 
7.0 
2 .o 
1.3 
1 .o 

.7 

.7 

.3 

127.3 

6.7 
9.3 
3.0 

49.3 
18.7 
4.0 

.3 

38.00. 
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Table 1-28. Composition (Percent Cover) of Transect #28 in March and September 1986 

TAXA < 0.5m 0.5m 
March September 

Layia platyglossa 
Erodium botrys 
Vulpia myurodbromoides 
Eschscholzia californica 
Haplopappus venetus ssp. vernonioides 
Artemisia californica 
Erodium cicutarium 
Chenopodium californicum 
Bromus diandrus 
Asteraceae - unknown 
Trifolium hirtum 
Spergula arvensis 
Bare ground 
Cirsium occidentale 
Calystegia macrostegia ssp. cyclostegia 
Dichelostemma pulchellum 
Rumex angiocarpus 
Sonchus asper 
Stellaria media 
Amsinckia intermedia 
Thatch 
Hemizonia paniculata ssp. increscens 
Lamiaceae - unknown 

20.3 
18.7 
18.3 
10.0 
8.3 
7.0 
6.0 
5.7 
3.3 
3.3 
3.0 
1.7 
1.3 
1 .o 
1 .o 
.7 
.7 
.7 
.7 
.3 

.3 
6.0 
9.3 

8.7 

59.3 
30.7 
.3 

Total live cover 110.7 46.6 



1 

Table 1-29. Composition (Percent Cover) of Transect #29 in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 c 0.5m 
March September March September 

Artemisia californica 
Baccharis pilularis ssp. consanguinea 
Solidago californica 
Vulpia myurodbromoides 
Lotus scoparius 
Rubus ursinus 
Erodium botrys 
Taraxacum officinale 
Erodium cicutarium 
Cardionema ramosissimum 
Layia platyglossa 
Marah fabaceus 
Pterostegia drymarioides 
Calandrinia Ciliata var. menziesii 
Oxalis pes-caprae 
Eschscholzia californica 
Unknown herb 
Dichelostemma pulchellum 
Haplopappus venetus ssp. vernoniooides 
Claytonia perfoliata 
Thatch 
Hemizonia paniculata ssp. increscens 
Bare ground 

Total live cover 

17.3 22.0 
1.3 

17.3 23.3 

19.3 

16.7 
12.0 
8 .O 
8.0 
5.7 
5.7 
4.7 
3.3 
2.7 
2.0 
2.0 
1.3 
1.3 
1 .o 
1 .o 
.7 
.3 
.3 

96.0 

18.7 
1.3 

10.3 

7.3 
11.3 

1 :o 
23.3 
8.7 
4.7 

58.6 
~ 

Table 1-30. Composition (Percent Cover) of Transect #30 in March and September 1986 

TAXA > 0.5m >0Sm e 0.5 < 0.5m 
March September March September 

Ceanothus impressus 68.0 
Baccharis pilularis ssp. consanguinea 22.7 
Marah fabaceus 12.0 
Chenopodium californicum 3.3 
Claytonia perfoliata 
Stellaria media 
Pterostegia drymarioides 
Stachys bullata 
Bare ground 

84.0 
12.7 4.7 

4:7 
1.3 

16.7 
13.3 
4.7 

.7 
2.0 

Total live cover 106.0 96.7 41.4 4.7 
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Table 1-31. Composition (Percent Cover) of Transect #31 in March and September 1986 

TAXA > 0.5m >0.5m c 0.5 c 0.5m 
March September March September 

Artemisia californica 
Baccharis pilularis ssp. consanguinea 
Salvia spathaceae 
Bromus diandrus 
Eschscholzia californica 
Viola pedunculata 
Erodium cicutarium 
Chenopodium californicum 
Vulpia myurodbromoides 
Layia platyglossa 
Rumex angiocarpus 
Anagallis arvensis 
Erodium botrys 
Cirsium occidentale 
Dichelostemma pulchellum 
Haplopappus venetus ssp. vernonioides 
Unknown herb 
Hemizonia paniculata ssp. increscens 
Oxalis albicans 
Stellaria media 
Taraxacum officinale 
Thatch 
Bare ground 

Total live cover 

22.7 
7.3 

. .  

30.0 

28.7 
9.3 

38.0 

18.0 
2.0 

33.0 
6.7 
5.7 
3.7 
3.3 
2.3 
1.3 
1.3 
1.3 
1 .o 
1 .o 

.7 

.7 

.7 

.7 

.3 

.3 

.3 

.3 

85.6 

22.7 
2.7 

12.7 

1 .o 

3:3 

28.0 
2.0 

42.4 

58 



Table 1-32. Composition (Percent Cover) of Transect #32 in March and September 1986 

TAXA c 0.5m < 0.5m 
March September 

Layia platyglossa 33.0 
Hordeum californicum 23.3 
Bromus carinatus 20.3 
Erodiu m bot rys 
Vulpia myurodbromoides 
Stipa pulchra 
Asteraceae - unknown 
Calystegia macrostegia ssp. cyclostegia 
Erodium cicutarium 
Haplopappus venetus ssp. vernonioides 
Eschscholzia californica 
Medicago polymorpha 
Bromus diandrus 
Chenopodium californicum 
Rumex angiocarpus 
Erodium sp. 
Lupinus bicolor 
Sonchus asper 
Trifolium sp. 
Capsella bursa-pastoris 
Thatch 
Hemizonia paniculata ssp. increscens 
Bare ground 
Oxalis albicans 
Poaceae - unknown 

9.7 
8.3 
4.0 
4.0 
3.7 
3.7 
3.0 
2.0 
2.0 
1.7 
1.3 
1 .o 

.7 

.7 

.7 

.7 

.3 

.3 

4.3 

1.7 

65.3 
41.3 

2.7 
.3 
.3 

Total live mver 124.1 48.2 
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Table 1-33. Composition (Percent Cover) of Transect #33 in March and September 1986 

TAXA < 0.5m < 0.5m 
March September 

Claytonia perfoliata 
Brassica nigra 
Chenopodium californicum 
Vulpia myuros/brornoides 
Calandrinia Ciliata var. rnenziesii 
Silybum marianum 
Erodium cicutarium 
Cirsium occidentale 
Erodium botrys 
Anagallis arvensis 
Stachys bullata 
Hordeum californicum 
Stellaria media 
Erodium sp. 
Medicago polymorpha 
Thatch 
Bare ground 

Total live cover 

51.3 
29.0 
11.7 
9.3 
9.0 
7.3 
5.7 
2.0 
1.7 
1.3 
1.3 
1 .o 
.7 
.3 

131.9 

8.3 

4:3 

77.3 
7.3 

12.6 
~ ~~ ~~ 

Table 1-34. Composition (Percent Cover) of Transect #34 in March and September 1986 

TAXA < 0.5m < 0.5m 
March September 

Claytonia perfoliata 27.0 
Vulpia myurodbromoides 25.3 
Brassica nigra 21 .o 4:O 
Chenopodium californicum 14.3 
Erodium cicutariurn 
Erodium botrys 
Cirsium occidentale 
Amsinckia intermedia 
Bromus diandrus 
Calandrinia Ciliata var. 
Asteraceae - unknown 
Medicago polymorpha 
Sonchus asper 
Erodium sp. 
Layia platyglossa 
Rumex angiocarpus 
Spergula arvensis 
Thatch 
Bare ground 
Stephanomeria sp. 

Total live cover 

menziesii 

12.7 
11.7 
10.0 
6.3 
6.0 
3.3 
3.3 
2.0 
1.3 
1 .o 

.7 

.7 

.3 

146.9 

77.3 
8.0 
1.3 

5.3 

60 



Table 1-35. Composition (Percent Cover) of Transect #35 in March and September 1986 

TAXA < 0.5m =Z 0.5m 
March September 

Vulpia myuroslbromoides 64.3 
Bromus diandrus 12.7 

11.0 
Amsinckia intermedia 10.3 
Cirsium occidentale 10.3 
Calandrinia Ciliata var. menziesii 8.3 
Brassica nigra 6.7 
Silybum marianum 6.3 
Sonchus asper 6.3 

E rod i u m bot rys 

Anagallis arvensis 2.0 
Medicago polymorpha 2.0 
Bare ground 2.0 9.3 
Spergula arvensis 1.3 
Stellaria media 1 .o 
Asteraceae - unknown 1 .o 
Rumex angiocarpus .7 
Thatch 87.3 

Total live cover 144.2 0.0 
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Table 1-36. Composition (Percent Cover) of Transect #36 in March and September 1986 

TAXA > 0.5m > 0.5m c 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Artemisia californica 
Bromus diandrus 
Vulpia myuros/bromoides 
Stellaria media 
Anagallis arvensis 
Erodium botrys 
Claytonia perfoliata 
Stipa pulchra 
Chenopodium californicum 
Bromus sp. 
Oxalis albicans 
Brassica nigra 
Erodium cicutarium 
Medicago polymorpha 
Spergula arvensis 
Amsinckia intermedia 
Calandrinia Ciliata var. menziesii 
Layia platyglossa 
Unknown herb 
Thatch 
Hemizonia paniculata ssp. increscens 

Total -live cover 

20.3 

20.3 

20.7 
2.0 

22.7 

9.0 
4.0 

27.3 
22.3 
15.7 
6.0 
4.7 
4.7 
4.3 
2.7 
2.7 
2.3 
2.0 
2.0 
1.7 
1.7 

.3 

.3 

.3 

.3 

114.3 

7.0 
2.0 

68.7 
6.7 

15.7 
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Table 1-37. Composition (Percent Cover) of Transect #37 in March and September 1986 

TAXA >OSm >0Sm < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Vulpia myurodbromoides 
Stachys bullata 
Stellaria media 
Bromus sp. 
Oxalis albicans 
Anagallis arvensis 
Calandrinia Ciliata var. menziesii 
Gnaphalium microcephalum 
Bare ground 
Rumex angiocarpus 
Unknown herb #2 
Castilleja sp. 
Moss 
Achillea millefolium 
Unknown herb #1 
Thatch 

85.3 70.3 2.0 
27.0 
19.3 
16.0 
11.0 
4.7 
2.0 
2.0 
1.7 
1.7 
1.3 
1.3 

.7 

.7 

.3 

.3 

6.7 

2913 

Total live cover 85.3 70.3 90.3 6.7 

Table 1-38. Composition (Percent Cover) of Transect #38 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Mimulus aurantiacus 
Galium nuttallii 
Melica imperfecta 
Vicia sp. 
Haplopappus venetus ssp. vernonioides 
Eriogonum parvifolium 
Pteridum aquilinum 
Achillea millefolium 
Salvia spathacea 
Sanicula crassicaulis 
Thatch 
Bare ground 

52.7 
18.7 
2.0 
1.3 
1.3 
.7 

67.3 
20.0 

4.0 
5.3 
5.7 

22.7 

3.3 
8.7 

.7 
2.7 4.7 

4.7 
2.0 
2.0 

.7 

.7 

.7 

18.0 
1.3 

Total live cover 76.7 90.7 51.8 13.4 

\ 
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Table 1-39. Composition (Percent Cover) of Transect #39 in March and September 1986 

TAXA > 0.5m >0.5m < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Artemisia californica 
Salvia spathacea 
Sanicula crassicaulis 
Elymus condensatus 
Solanum umbelliferum 
Galium nuttallii 
Claytonia perfoliata 
Stellaria media 
Chenopodium californicum 
Pterostegia drymarioides 
Urtica urens 
Thatch 

Total live cover 

49.3 
22.7 
20.0 
9.3 
7.3 
5.3 
2.0 

115.9 

55.3 
42.0 

10.7 14.7 
2.7 

9.3 

7:3 
2.0 
1.3 
1.3 
1.3 

16:7 

106.6 26.6 14.7 
~ 

Table 1-40. Composition (Percent Cover) of Transect #40 in March and September 1986 

TAXA > 0.5m > 0.5m 
March September 

Salvia leucophylla 
Artemisia californica 
Encelia californica 
Baccharis pilularis ssp. consanguinea 
Marah fabaceus 

Total live cover 

86.0 88.0 
21.3 26.0 
9.3 4.7 
2.7 6.7 

.7 

120.0 125.0 



Table 1-41. Composition (PBrcent Cover) of Transect #41 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

Elymus condensatus 
Rubus ursinus 
Artemisia douglasiana 
Baccharis pilularis ssp. consanguinea 
Toxicodendron diversilobum 
Salvia spathacea 
Pteridium aquilinum 
Sanicula crassicaulis 
Vicia sp. 
Stachys bullata 
Stellaria media 
Scrophularia californica 
Urtica urens 
Claytonia perfoliata 
Thatch 
Bare ground 

54.7 
10.7 
10.0 
9.3 
6.7 
4.7 
3.3 
3.3 
1.7 

37.3 
3.3 
2.0 
8.0 

12.7 

4.7 
9.7 
9.3 

.7 

9.3 
5.0 

2.7 
2.0 
3.7 
3.0 
2.0 
2.0 
1 .o 

49.3 
.7 

104.4 50.6 31.4 36.4 Total live cover 

Table 1-42. Composition (Percent Cover) of Transect #42 in March and September 1986 

> 0.5m > 0.5m < 0.5 < 0.5m 
March September March September 

TAXA 

Baccharis pilularis ssp. consanguinea 
Lotus scoparius 
Eriogonum parvifolium 
Melica imperfecta 
Pt e r id iu m aq uilin um 
Claytonia perfoliata 
Elymus condensatus 
Pterostegia drymarioides 
Achillea millefolium 
Chenopodium californicum 
Rubus ursinus 
Coreopsis gigantea 
Mimulus aurantiacus 
Solanum douglasii 
Stellaria media 
Amsinckia intermedia 
Stachys bullata 
Thatch 
Aster radulinus 

9.3 6.0 
8.0 
4.7 

8.3 
10.7 
15.3 
20.7 
19.7 
13.7 
4.0 

14.0 
2.0 
9.0 

10.7 

.7 
3.3 
2.7 
1.3 
1.7 
1.3 
1.3 
1.3 
1 .o 
.7 
.7 

2.7 

1.3 
1 .o 

42.7 
.3 

Total live cover 9.3 18.7 107.7 41.7 
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Table 1-43. Composition (Percent Cover) of Transect #43 in March and September 1986 

TAXA > 0.5m > 0.5m 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Vulpia myuroslbromoides 
Achillea millefolium 
Bromus diandrus 
Melica imperfecta 
Eriogonum parvifolium 
Calystegia macrostegia ssp. cyclostegia 
Salvia spathacea 
Stipa pulchra 
Horkelia cuneata 
Claytonia perfoliata 
Anagallis arvensis 
Artemisia californica 
Pterostegia drymarioides 
Ranunculus californicus 
Rumex angiocarpus 
Bare ground 
Plantago erecta 
Amsinckia intermedia 
Dichelostemma pulchellum 
Galium nuttallii 
Oxalis albicans 
Thatch 

Total live cover 

11.3 

11.3 

15.3 

15.3 

16.0 
32.7 
10.7 
8.0 
8.0 
4.0 
2.7 
2.3 
2.0 
1.7 
1.7 
1.3 
1.3 
1.3 
1.3 
1.3 
1.3 
1 .o 
.3 
.3 
.3 
.3 

98.5 

12.0 

4.7 

.7 

2.0 

2:0 

5.3 

72.0 

21.4 

Table 1-44. Composition (Percent Cover) of Transect #44 in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 < 0.5rn 
March September March September 

Artemisia californica 
Baccharis pilularis ssp. 
Mimulus aurantiacus 

consanguinea 

Calystegia macrostegia ssp. cyclostegia 
Salvia spathacea 
Chenopodium californicum 
Lotus scoparius 
Stellaria media 
Rubus ursinus 
Thatch 
Bare ground 

Total live cover 

45.3 48.7 
32.7 30.0 
20.7 18.7 
8.7 

107.4 97.4 

.7 
7.7 
4.7 
1 .o 
6.3 
2.7 

.7 

.3 

24.1 

6.7 
3.3 

3:3 
3.3 
3.3 

13.3 

6 6  



Table 1-45. Composition (Percent Cover) of Transect #45 in March and September 1986 

TAXA > 0.5m > 0.5m c 0.5 c 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 
Mimulus aurantiacus 
Elymus condensatus 
Eriogonum parvifolium 
Salvia spathacea 
Claytonia perfoliata 
Achillea millefolium 
Stellaria media 
Pterostegia drymarioides 
Amsinckia intermedia 
Stachys bullata 
Bare ground 
Solanum umbelliferum 
Galium aparine 
Coreopsis gigantea 
Lotus scopairus 
Erodium cicutarium 
Vulpia myurodbromoides 

Total live cover 

24.7 22.0 
12.0 15.3 

.7 2.0 

37.4 39.3 

5.3 
5.3 

16.7 
15.0 
13.7 
3.7 
3.7 
2.7 
2.0 
2.0 
2.0 
1.7 
1.3 

.7 

.7 

.3 

.3 

75.1 

20.0 
7.3 

18.0 
5.3 

6.0 

50.6 

Table 1-46. Composition (Percent Cover) of Transect #46 in March and September 1986 

TAXA > 0.5m >0Sm c 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 37.3 42.7 1.3 5.7 
Mimulus aurantiacus 17.3 14.0 4.3 8.0 
Artemisia californica 4.0 4.7 .3 
Chenopodium californicum 9.3 
Marah fabaceus .7 
Bare ground 24.7 18.7 

Total live cover 58.6 61.4 15.9 13.7 
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Table 1-47. Composition (Percent Cover) of Transect #47 in March and September 1986 

~~ 

TAXA > 0.5m >0Sm < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 33.3 41.3 5.3 
Artemisia californica 12.7 36.7 5.0 

- Chenopodium californicum 8.7 
Marah fabaceus .7 
Pterostegia drymarioides .3 
Bare ground 30.7 
Scrophularia californica 

Total live cover 46.0 78.0 20.0 

2.7 
.7 

1810 
1.3 

4.7 
~~~ ~ ~ 

Table 1-48. Composition (Percent Cover) of Transect #48 in March and September 1986 

TAXA > 0.5m >0.5m c 0.5 0.5m 
March September March September 

Ceanothus ramulosus 
Salvia mellifera 
Rhus integrifolia 
Erodium cicutarium 
Bare ground 

Total live cover 

39.0 31.3 2.3 2.7 
16.7 18.7 14.7 12.7 
12.7 14.0 .7 1 .o 

16.3 15.3 
.3 

68.4 64.0 18.0 16.4 
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Table 1-49. Composition (Percent Cover) of Transect #49 in March and September 1986 

> 0.5m >0Sm < 0.5 < 0.5m 
March September March September 

Baccharis pilularis ssp. consanguinea 53.3 
Artemisia californica 18.0 , 
Mimulus aurantiacus 9.7 
Anagallis arvensis 
Chenopodium californicum 
Sanicula crassicaulis 
Achillea millefolium 
Claytonia perfoliata 
Melica imperfecta 
Stellaria media 
Thatch 
Bare ground 

Total live cover 81 .O 

50.0 
22.7 
8.0 

80.7 

4.0 
2.3 
1.3 
4.7 
4.7 
4.3 
3.0 
1.7 

.7 

.7 

27.4 

2.7 
2.7 
1.3 
4.0 

8.7 
2.0 

10.7 

Table 1-50. Composition (Percent Cover) of Transect #SO in March and September 1986 

TAXA > 0.5m > 0.5m < 0.5 0.5m 
March September March September 

Eriophyllus confertiflorum 
Baccharis pilularis ssp. consanguinea 
Elymus condensatus 
Thalictrum polycarpum 
Eriogonum parvifolium 
Pteridium aquilinum 
Toxicodendron diversilobum 
Adiantum jordani 
Galium nuttallii 
Rubus ursinus 
Achillea millefolium 
Artemisia douglasiana 
Mimulus aurantiacus 
Bare ground 
Thatch 
Lotus scoparius 

Total live cover 

23.3 
16.0 
11.3 
3.3 
2.7 

56.6 

20.0 
9.3 
4.0 

3.3 

36.6 

31 .O 

9.7 
1.3 

26.3 
4.0 
1.7 
1.7 
1.7 

.7 

.7 

.7 

.7 

79.5 

21.3 
.7 

3.3 

.7 
11.0 

.7 
2.3 

1.3 
3.3 

38.7 
1.3 

42.6 
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Appendix I1 

Environmental and S o i l s  Data from the Permanent Transects 



Table 11-1. Selected environmental variables for the study transects. 

~ ~ 

PLOT ASPECT SLOPE SLOPE SLOPE 
ANGLE ANGLE ANGLE 
UP DOWN RIGHT 
(Yo) (Yo) (Yo) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

250 
246 
238 
194 
320 
330 
340 
220 
256 
240 
240 
240 
240 
240 
340 
350 
260 
254 
260 
260 
260 
260 
248 
254 
254 

13 
30 
30 
35 
42 
24 
40 
14 
12 
7 
4 
7 
5 

12 
40 
42 
14 
10 
10 
8 
6 
9 
5 
6 
4 

-8 
-28 
-25 
-40 
-50 
-30 
-38 
-20 
-1 0 

-8 
-6 
-5 
-4 

-1 0 
-38 
-30 
-1 3 
-1 0 
-1 4 

-8 
-7 
-8 
-7 
-7 
-6 

-1 1 
-8 

-1 6 
-7 
7 

10 
5 

-8 
-8 
-4 
2 

-4 
-3 
-5 
4 
8 

-4 
3 

-8 
-5 
3 
0 

-4 
0 

-2 



Table 11-1. (continued). 

PLOT ASPECT SLOPE SLOPE SLOPE 
ANGLE ANGLE ANGLE 
UP DOWN RIGHT 
(W (W (“w 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

254 
250 
260 
260 
282 
280 
260 
250 
260 
260 
254 
240 
252 
50 
220 
160 
31 4 
340 
330 
208 
260 
200 
180 
192 
360 
320 

4 
8 
4 
5 
8 
5 
5 
4 
4 
4 
5 
8 
3 
28 
38 
28 
35 
0 
2 
18 
30 
25 
28 
30 
20 
45 

-6 
-7 
-8 
-8 
-9 
-8 
-8 

-1 2 
-5 
-5 
-8 
-6 
-5 
-40 
-25 
-20 
-28 
-1 4 
-8 
-30 
-38 
-55 
-60 
-20 
-25 
-38 

-2 
0 
3 
3 
2 
-5 
2 
2 
0 
2 
3 
-5 

-1 8 
15 
-1 0 
-4 
10 
-1 5 
8 
-8 
15 
-30 
-1 8 
4 
5 
-9 

7 2  



Table 11-1. (continued). 

PLOT SLOPE PLOT MOST MOST 
ANGLE ' SHAPE RECENT RECENT 
LEFT FIRE GRAZING 
("/.I 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

10 
8 
8 
5 

-1 0 
-1 1 
-7 
4 
2 
3 
0 
4 
2 
8 

-3 
-9 
10 
0 
4 
4 

-1 
2 
4 
4 
2 

flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 

1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 
1983 

1986 
1986 
1986 
1986' 
1986* 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 
1986 

Grazing in area, apparently not on transect 
** Fire in area, apparently not on transect 
*** nr - Not recent 



Table 11-1. (continued). 

PLOT SLOPE PLOT MOST MOST 
ANGLE SHAPE RECENT RECENT 
LEFT FIRE GRAZING 
(W 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

2 
4 
-1 
-4 
0 
2 
0 
-3 
2 
-3 
-2 
4 
4 

-22 
8 
5 

-5 
-1 5 
-7 
7 

-1 8 
18 
10 
-4 
3 
5 

flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
convex 
flat 
flat 
flat 
flat 
flat 
flat 
flat 
flat 

1983 
1983 
1983 
1983 
1983 
1983** 
1983 
1983 
1977? 
1977? 
1977? 
1977? 
1977? 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 
1977 

1986 
1986 
1986 
1986 
1986 
1986* 
1986 
1986 
nr*** 

nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 
nr 

Grazing in area, apparently not on transect 
** Fire in area, apparently not on transect 
*** nr - Not recent 
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Table 11-2. Chemical composition of soils collected in March 1986 

PLOT DEPTH' PH CONDUCTIVITY ORGANIC AVAILABLE TOTAL 
(umholcm) MAITER PHOSPHORUS KJELDAHL 

PA) ( W m )  NITROGEN 
(mg/kg) 

1 1.00 5.80 121.0 7.5 4.20 3926 
2 1.00 5.83 169.9 8.2 1.55 3398 
3 1.00 5.87 193.7 15.4 3.09 5396 
4 1.00 5.27 193.6 12.6 4.40 491 9 
5 1.00 4.96 205.7 17.4 2.68 151 52 
6 1.00 5.11 169.8 12.8 1.79 6300 
7 1.00 5.43 157.3 11.3 4.53 6495 
8 1.00 5.40 97.1 4.0 1.76 2799 
9 1.00 5.42 119.8 5.2 1.93 3060 
10 1.00 5.67 145.2 7.6 3.30 2966 
11 1.00 5.90 106.5 5.5 1.02 2322 
12 1.00 5.49 104.1 7.0 1.97 2641 
12 2.00 5.66 83.2 5.2 1.52 2024 
13 1.00 5.65 100.2 6.2 2.06 2761 
14 1.00 5.24 77.4 6.8 1.46 2896 
15 1.00 5.29 145.7 17.6 2.53 6208 
15 2.00 5.40 89.5 11.8 1.27 41 38 
16 1.00 5.52 211.8 18.3 14.55 6713 
16 2.00 5.34 181.5 15.4 12.00 651 9 
17 1.00 5.51 77.4 8.0 1.03 3053 
18 1.00 5.80 121.0 6.4 1.81 391 0 
19 1.00 6.00 80.8 5.5 1.65 2655 
20 1.00 5.53 56.3 4.7 .73 2055 
21 1.00 5.58 106.5 9.3 2.42 4346 
22 1.00 5.47 122.2 8.6 2.24 3957 
23 1.00 5.67 104.1 7.4 3.16 3968 
24 1.00 6.04 94.4 4.6 5.68 1770 
25 1.00 5.87 91.5 3.8 2.29 2757 

- Depth 1 .OO=O - 7.5 cm, 2.0011 5 - 30 cm 



Table 11-2. (cont.) 

PLOT DEPTH* PH CONDUCTIVITY ORGANIC AVAILABLE TOTAL 

(mg/kg) 

(umho/cm) MATTER PHOSPHORUS KJELDAHL 
("10) (mg/kg) NITROGEN 

26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

1 .oo 
2.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

5.63 
5.77 
5.85 
5.72 
6.23 
5:26 
5.65 
5.55 
6.21 
5.59 
5.64 
5.67 
5.44 
5.44 
6.73 
7.57 
6.36 
4.73 
5.40 
5.66 
4.86 
5.1 3 
4.58 
6.52 
5.43 
5.79 

92.6 
71.4 
65.6 
83.2 
53.9 

181.5 
84.7 
96.2 

111.3 
77.7 
77.4 
56.9 

106.7 
101.6 
145.2 

5452.0 
139.4 
197.8 
78.9 

124.1 
116.3 
92.8 

233.7 
78.9 
74.3 
78.9 

7.5 
6.8 
5.1 
5.1 
3.2 
9.7 
4.6 
8.2 
6.3 
3.1 
5.0 
5.7 
6.1 
7.6 

14.2 
17.1 
9.6 

28.7 
6.1 

11.6 
6.1 
5.5 
6.6 
7.0 
5.9 

10.8 

1.91 
1.69 
2.03 
1.88 
1.52 
2.79 

.90 
2.19 
1.20 
1.30 

.79 

.98 

.61 

.59 
9.90 

68.70 
86.80 

1.87 
1.29 
2.59 

.25 
1.91 

.11 
1.63 
1.03 
2.24 

2835 
2561 
21 95 
1997 
1470 
3299 
1782 
2792 
2876 
1519 
1871 
2204 
2251 
261 0 
5078 
8232 
5079 

11752 
301 0 
4779 
1906 
2437 
2546 
3887 
31 10 
4422 

~~~ ~ 

- Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 



Table 11-2. (cont.) 

PLOT DEPTH' NITRATE- AMMONIA- CATION ALUMINUM COPPER IRON 
NITROGEN NITROGEN EXCHANGE (mgkg) (mg/kg) (mg/kg) 
(mgW (mgkg) CAPACITY 

(meq/l OOg) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
12 
13 
14 
15 
15 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
2.00 
1 .oo 
1 .oo 
1 .oo 
2.00 
1 .oo 
2.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

40.10 
29.10 
65.10 
34.20 
61 .OO 
41.30 
17.60 
17.60 
31.10 
42.10 
1 1.20 
18.00 
15.90 
18.60 
18.50 
38.90 
14.90 
48.65 
36.00 
16.20 
31.20 
20.00 
11.55 
25.60 
38.00 
19.80 
10.60 
16.15 

9.73 
6.93 

10.20 
10.10 
70.50 
7.33 

14.50 
11.70 
8.92 
9.43 
5.1 1 
6.29 
5.70 
9.85 
9.19 

30.60 
4.42 

13.30 
16.50 
10.50 
10.40 
9.82 
6.86 
7.07 

18.20 
9.1 5 
8.64 

11.45 

14.80 
17.60 
31.30 
21.70 
42.70 
29.90 
30.40 
13.70 
11.80 
11 .oo 
7.14 
9.86 
9.58 

11.40 
11.80 
24.40 
21.20 
38.60 
23.30 
12.80 
11.70 
6.87 
6.95 

15.90 
14.80 
15.90 
8.01 

11.15 

.80 

.40 

.40 
1.60 

13.20 
4.40 
1.20 
.80 
.80 
.40 
.40 
.80 
.60 
.80 

2.80 
2.40 
5.60 

.80 
1.60 
3.20 

.80 

.80 
1.80 
2.00 
1.60 
1.20 
1.60 
1.20 

.54 

.38 

.72 

.84 

.28 

.38 

.56 

.52 

.66 

.60 

.52 

.44 
5 1  
.40 
.40 
.42 
.32 
.88 
.90 
.30 
.34 
.28 
.23 
.48 
.86 
.52 
.44 
.47 

76.1 6 
75.04 

166.96 
140.72 
219.92 
171.28 
90.60 

202.96 
109.92 
199.92 
295.68 
104.1 6 
108.20 
102.24 
11 9.92 
226.32 
220.32 
31 3.04 
332.48 
113.68 
92.72 
38.08 

108.72 
142.24 
95.20 

104.32 
1 13.84 
75.12 

- Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 



Table 11-2. (cont.) 

PLOT DEPTH' NITRATE- AMMONIA- CATION ALUMINUM COPPER IRON 
NITROGEN NITROGEN EXCHANGE (mg/kg) (mg/kg) (mg/kg) 
( m g h  1 ( m g W  CAPACITY 

(meq/l OOg) 

26 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 

1 .oo 
2.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

26.1 0 
12.20 
10.20 
13.40 
7.10 

59.60 
22.40 
24.80 
28.00 
12.05 
15.10 
8.1 4 

16.60 
3.63 

33.55 
30.00 
37.50 
53.80 
16.20 
21.20 
8.26 

22.70 
45.50 
16.1 0 
15.35 
18.30 

10.50 
7.69 

17.10 
5.93 
7.56 

17.20 
9.83 

11.80 
13.40 
6.31 
9.87 
5.88 
8.60 
9.85 
4.92 

16.50 
9.67 

23.20 
7.92 
8.55 
4.49 
5.25 

13.70 
12.20 
12.05 
11.10 

11.30 
11.50 
8.53 
7.57 
4.25 

11.10 
5.84 

11.40 
8.32 
5.1 1 
7.1 5 
8.35 

11 .oo 
15.20 
32.05 
32.60 
31.30 
38.40 
12.70 
18.70 
9.42 

11.10 
14.90 
13.70 
11.60 
20.90 

.40 
1.20 
1.20 
1.60 
.80 
.80 
.40 

1.60 
.40 
.40 

2.80 
1.20 
4.00 
6.00 

.20 

.40 
0.00 

18.80 
2.40 

.60 
54.80 
4.40 

67.20 
0.00 
1.40 
.40 

.50 

.56 

.44 

.38 

.35 

.44 

.36 

.44 

.54 

.59 

.46 

.48 

.58 
1.28 
1.69 
3.90 
1.66 
.36 
.40 
.69 
.78 
.72 

1.14 
.26 
.43 
.36 

106.96 
91.60 
84.08 
83.36 
38.28 
53.92 
70.88 

124.64 
259.52 
136.04 
168.80 
137.20 
289.76 
193.84 
57.76 
9.36 

66.80 
292.80 
168.80 
136.20 
93.52 

106.08 
192.32 
35.60 
84.96 
84.64 

- Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 
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Table 11-2. (cont.) 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
12 
13 
14 
15 
15 
16 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
2.00 
1 .oo 
1 .oo 
1 .oo 
2.00 
1 .oo 
2.00 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

18.38 
1 1.32 
19.00 
21.84 
7.74 

17.60 
22.88 
14.71 
20.32 
1 1.96 
3.68 

13.70 
11.42 
17.92 
13.90 
19.10 
4.06 

19.42 
10.64 
11.02 
17.10 
9.96 

11.11 
22.98 
23.18 
19.00 
7.70 

12.32 

60.43 
22.99 
77.58 
21.86 
21.95 
16.26 
9.40 
5.39 

13.34 
34.78 
13.51 
7.35 
4.16 

10.08 
5.33 

16.22 
2.81 

26.24 
8.20 
3.1 1 
9.39 

.93 

.93 
6.84 
8.22 
5.22 
3.81 
4.97 

1168 
1224 
1964 
1320 
1088 
1000 
1752 
828 
728 
904 
640 
768 
71 2 
624 
680 

1232 
1008 
2268 
2408 
864 
984 
696 
460 

1000 
976 

1136 
880 
956 

440.0 
673.6 

1048.8 
896.8 

71 2.0 
868.8 
387.2 
294.4 
421.6 
256.0 
300.0 
320.0 
286.4 
279.2 
700.8 
587.2 

1036.4 
1006.4 
322.4 
370.4 
196.0 
130.8 
483.2 
450.4 

276.0 
355.6 

958.4 

452.8 

776 
1736 
1068 
560 
760 
7 68 
648 
764 
344 
600 
496 
608 
628 
488 
560 
81 6 
632 

1580 
1792 
41 6 
912 
288 
3 52 
61 6 
808 
968 
912 
744 

96.96 
171.36 
145.36 
142.92 
197.48 
21 2.28 
199.88 
133.92 
132.96 
11 0.84 
87.48 
91.64 

101.10 
135.52 
87.84 

164.60 
181.68 
166.46 
206.92 
11 2.40 
122.08 
25.60 
54.08 

173.84 
122.48 
129.40 
77.20 
93.40 

- Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 



Table 11-2. (cont.) 

~~ 

26 1 .oo 27.70 35.19 936 384.8 
26 2.00 14.82 1 .oo 864 359.2 
27 1 .oo 14.82 1.80 672 234.4 
28 1 .oo 16.84 1.49 57 6 21 6.8 
29 1 .oo 8.89 .82 504 143.2 
30 1 .oo 38.74 7.42 904 236.8 
31 1 .oo 12.50 1.42 696 133.6 
32 1 .oo 18.76 3.71 760 325.6 
33 1 .oo 9.12 12.74 1048 427.2 
34 1 .oo 15.26 4.1 4 500 111.2 
35 1 .oo 9.94 5.32 576 186.4 
36 1 .oo 11.72 9.65 680 268.8 
37 1 .oo 13.44 8.17 488 265.6 
38 1 .oo 14.52 21.95 856 781.6 
39 1 .oo 22.63 81.23 3356 1242.4 
40 1 .oo 8.58 22.42 4208 1647.2 
41 1 .oo 21.98 34.16 3960 1376.8 
42 1 .oo 1.84 23.52 872 751.2 
43 1 .oo 11.12 1.27 688 368.0 
44 1 .oo 23.90 7.37 27 68 161 6.0 

1 .oo 11 S O  .96 368 434.4 
46 18.38 3.72 608 492.0 
47 1 .oo 13.90 2.29 776 678.4 
48 1 .oo 14.40 2.09 1752 365.6 
49 1 .oo 17.13 3.45 488 252.8 
50 1 .oo 21 5 2  3.95 1200 694.4 

45 1.00 

* -Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 
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736 
720 
704 
552 
284 
160 
400 
648 
51 2 
452 
456 
352 
296 
51 2 

1080 
1584 
496 
320 
456 

1152 
480 
560 
504 

1336 
340 
488 

11 0.44 
133.32 
67.56 
83.1 2 
29.14 
46.48 
44.28 

142.80 
64.08 
62.96 
76.20 
94.04 

165.96 

249.10 
231.64 
205.56 
188.36 
96.88 

171 S O  
164.84 
82.76 

187.32 
80.44 
73.22 

11 6.00 

283.52 



Table 11-3. Chemical composition of soils collected in September 1986. 

PLOT DEPTH' PH CONDUCTIVITY ORGANIC AVAILABLE TOTAL 
(umhokm) MATTER PHOSPHORUS KJELDAHL 

NITROGEN (W (mg/kg) 
(mg/kg) 

3 
13 
21 
24 
26 
36 
38 
42 
46 
48 

1.00 5.88 
1.00 5.74 
1.00 5.67 
1.00 6.00 
1.00 6.13 
1.00 5.65 
1.00 5.75 
1.00 4.78 
1.00 5.60 
1.00 6.54 

152.1 
129.0 
21 0.6 
178.5 
140.4 
280.8 
1 14.7 
222.3 
131.2 
131 .O 

17.2 
7.8 

12.6 
6.5 

10.5 
9.9 

13.0 
26.0 
6.9 

11 .o 

2.1 6 
1.26 
5.55 
1.61 
2.1 8 
1.30 
1.28 
2.1 9 
1.83 
2.41 

601 1 
3957 
5578 
2726 
4647 
4020 
321 0 

11380 
2761 
2266 

- Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 

PLOT DEPTH* NITRAJE- AMMONIA- CATION ALUMINUM COPPER IRON 
NITROGEN NITROGEN EXCHANGE (mg/kg) (mg/kg) (mg/kg) 
(mg/kg) (mglkg) CAPACITY 

(meq/lOOg) 

3 
13 
21 
24 
26 
36 
38 
42 
46 
48 

1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 
1 .oo 

3.17 
11.60 
23.00 
19.60 
13.90 
12.70 
3.08 

26.00 
14.80 
3.08 

14.80 
9.88 

15.80 
15.45 
14.70 
20.00 
10.20 
20.60 
12.35 
12.60 

36.00 
15.70 
21 .50 
13.25 
20.90 
17.40 
35.60 
37.80 
11.91 
21 .50 

0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
3.40 

.10 
0.00 

.50 

.24 

.28 
3 3  
.40 
.48 
.42 
.46 
.41 
3 2  

11 0.60 
78.40 
81.80 
91 .50 
59.20 

1 18.40 
95.20 

217.40 
60.00 
26.00 

-Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 
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Table 11-3. (cont.) 

3 1 .oo 
13 1 .oo 
21 1 .oo 
24 1 .oo 
26 1 .oo 
36 1 .oo 
38 1 .oo 
42 1 .oo 
46 1 .oo 
48 1 .oo 

26.58 
20.20 
21.74 
13.09 
21.10 
19.32 
9.98 

28.18 
20.76 
19.10 

69.30 
15.40 
13.04 
13.87 
12.84 

115.18 
72.12 
18.40 
3.94 
4.76 

1772 
81 8 

1364. 
990 

1340 
1182 
1676 
1192 
754 

1864 

1014.0 
268.0 
582.0 
298.2 
484.0 
456.4 
839.6 
958.4 
453.6 
383.2 

1088 
830 
870 
964 
862 
672 

1208 
564 
773 
880 

312.30 
170.60 
221.70 
138.60 
157.30 
308.90 
227.80 
235.40 
123.1 0 
167.90 

*- Depth 1 .OO=O - 7.5 cm, 2.00=15 - 30 cm 
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Appendix I11 

Photodocumentation of Vegetation Transects 

and vegetation Overviews In the SLC-6 Area 



Table 111-1. Slides of SLC-6 vegetation transects and overviews 
of vegetation in the area - March 1986. 

S l i d e  # Date Subject 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
11 
12  
13  
1 4  
15  
16 
17 
18 
19 
2 0 
2 1  
22  
23 
24 
25 
26 
27 
28 
29 
3 0 
31 
32 
33 
34 
35 
36 
37 
38 
39 
4 0 
4 1  
42 
43 
4 4 
4 5 
46 

3/14/86 
3/14/86 
3/14/86 
3/23/86 
3/14/86 
3/14/86 
3/19 /86 
3/19/86 
3/19/86 
3/19/86 
3/19/86 
3/19/86 
3/19/86 
3/19/86 
3/19/86 
3/21/86 
3/20/86 
3 / 2 0 / 8 6 
3/20/86 
3/20/86 
3/2Q/86 
3/20/86 
3/20/86 
3/20/86 
3/19/86 
3/20/86 
3/20/86 
3/23/86 
3/23/86 
3/23/86 
3/23/86 
3/23/86 
3/23/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/23/86 
3/23/86 
3/23/86 
3/23/86 
3/2 1/86 
3/21/86 
3/21/86 
3/21/86 

Vegetation - Plot 1 
Vegetation - Plot 2 
Vegetation - Plot 3 
Vegetation - Plot 4 
Vegetation - Plot, 5 
Vegetation - Plot G 
Vegetation - Plot 7 
Vegetation - Plot 8 
Vegetation - Plot 9 
Vegetation - Plot 10 
Vegetation - Plot 11 
Vegetation - Plot 12 
Vegetation - Plot 13 
Vegetation - Plot 1 4  
Vegetation - Plot 15 
Vegetation - Plot 16  
Vegetation - Plot 17  
Vegetation - Plot 18 
Vegetation - Plot 19 
Vegetation - Plot 1 9  
Vegetatlon - Plot 20 
Vegetation - Plot 2 1  
Vegetation - Plot 22 
Vegetation - Plot 23 
Vegetation - Plot 24  
Vegetation - Plot 25 
Vegetation - Plot 26 
Vegetation - Plot 27 
Vegetation - Plot 28 
Vegetation - Plot 29 
Vegetation - Plot 30 
Vegetation - Plot 31 
Vegetation - Plot 32 
Vegetation - Plot 33 
Vegetation - Plot 34 
Vegetation - Plot 35 
Vegetation - Plot 36 
Vegetation - Plot 37 
Vegetation - Plot 38 
vegetation - Plot 39 
Vegetation - Plot 40 
Vegetation - Plot 4 1  
Vegetation - Plot 42 
Vegetation - Plot 43 
Vegetation - Plot 4 4  
Vegetation - Plot 45 
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T a b l e  111-1. (Continued.)  

S l i d e  # Date S u b j e c t  

4 7 
48 
49 
50 
51 
52 
53 
54 
55 
56 
5 7 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
7 0  
‘7 1 
7 2  
73 
7 4  
75 
76 
77 
7 8  
79 
83  

8 1  

82 
83  
84 
85 
86 
87 
88 
89 

90 
91  
92 

3/21/86 
3/21/86 
3/24/86 
3/24/86 
3/24/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/18/86 
3/20/86 
3/20/86 
3/20/86 
3/20/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 
3/21/86 

3/23/86 
3/23/86 

3/23/86 

3/23/86 
3/23/86 
3/23/86 
3/23/86 
3/23/86 
3/24/86 
3/24/86 
3/24/86 

3/24/86 
3/24/86 
3/24/86 

Vegeta t ion  - P l o t  46 
V e g e t a t i o n  - P l o t  47 
Vegeta t ion  - P l o t  48 
Vegeta t ion  - P l o t  49 
Vegeta t ion  - P l o t  50 
Overview s o u t h  o f  SLC-6 
Overview s o u t h  o f  SLC-6 
Overview s o u t h  o f  SLC-6 
Overview s o u t h  o f  SLC-6 
Overview s o u t h  o f  SLC-6 
Overview s o u t h  o f  SLC-6 
V i e w  canyon s o u t h e a s t  of SLC-6 
V i e w  s l o p e  s o u t h e a s t  o f  SLC-6 
V i e w  s l o p e  s o u t h e a s t  of  SLC-6 
Eschschoiz ia  c a l i f o r n i c a  
Eschscholz ia  c a l i f o r n i c a  
Small canyon s o u t h  of SLC-6 
Small canyon s o u t h  of  SLC-6 
Upper end s o u t h  canyon 
Lupinus chamissonis  
LuDinus chamissonis  
CoreoDsis scinantea u .. 
V i e w  from water tower 
Red Roof Canyon from t o p  
Red Rood Canyon t o p  
V i e w  from T r a n q u i l l o n  Peak 
V i e w  from T r a n q u i l l o n  Peak 
V i e w  from T r a n q u i l l o n  Peak 
V i e w  from T r a n q u i l l o n  Peak 
V i e w  from T r a n q u i l l o n  Peak 
V i e w  from T r a n q u i l l o n  Peak 
Canyon below P l o t  42 
Gorge near  P l o t  39 
S c r o p h u l a r i a  c f .  c a l i f o r n i c a  s o u t h  canyon 

bottom 
S c r o p h u l a r i a  c f .  c a l i f o r n i c a  s o u t h  canyon 

bottom 
South canyon from bottom 
South canyon from bottom 
Mimu l u s  au ran  t i a c u s  
Mimulus a u r a n t i a c u s  
O x a l i s  pes-caprae  
Slope above P l o t  48 
Eriophyllum c o n f e r t i f l o r u m  
Thal ic t rum polycarpum female f l o w e r  

( P l o t  5 0 )  
Thalictrum DolvcarDum male f l o w e r  ( P l o t  50)  
Eriophyllum’ c o k f e r t i f  lorum ( P l o t  50)  
Red Roof Canyon 



T a b l e  111-1. (Cont inued . )  

S l i d e  # Date S u b j e c t  

93 3/24/86 Red Roof Canyon 
94  3/24/86 Red Roof Canyon 
95 3/24/86 Luplnus bicolor 

86 



Table  111-2. S l i d e s  of SLC-6 v e g e t a t i o n  t r a n s e c t s  and ove rv iews  
of v e g e t a t i o n  i n  t h e  area - September 1986. 

S l i d e  # Date S u b j e c t  

5 
6 
7 
8 
9 
10  
11 
12 
13 
1 4  
15 
16  
1 7  
18  
19 
20 
2 1  
22 
23 
24 r 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
' I  1 
42 
4 3  
4 4  
'1 5 
46 

9 /26 /86  
9 / 3 0 / 8 6  
9 /30 /86  
9 / 3 0 / 8 6  
9 /30 /86  
9 /29 /86  
9 /29 /86  
9 / 2 9 / 8 6  
9 /29 /86  
9 /29 /86  
9 /29 /86  
9 / 2 9 / 8 6  
9/29/86 
9 / 2 9 / 8 6  
9 /29 /86  
9 /29 / 86 
9 /29 /86  
9 / 2 9 / 8 6  
9 /29 /86  
9 / 2 7 / 8 6  
9 /29 /86  
9 / 2 9 / 8 6  
9 /29 /86  
9 / 2 9 / 8 6  
9 /26 /86  
9 /26 /86  
9 / 2 7 / 8 6  
9 / 2 7 / 8 6  
9 /27 /86  
9 / 2 7 / 8 6  
9 /27 /86  
9 / 2 7 / 8 6  
9 /27 /86  
9 / 2 6 / 8 6  
9/26/86 
9 / 2 6 / 8 6  
9 /26 /86  
9 / 2 6 / 8 6  
9 /29 /86  
9 / 2 9 / 8 6  
9 /30 /86  
9 / 3 0 / 8 6  
9 /30 /86  
9 /30 /86  
1 0 / 1 / 8 6  
9 / 3 0 / 8 6  

Vege ta t ion  - P l o t  1 
Vege ta t ion  - P l o t  2 
V e g e t a t i o n  - P l o t  3 
Vege ta t ion  - P l o t  4 
Vege ta t ion  - P l o t  5 
Vege ta t ion  - P l o t  6 
Vege ta t ion  - P l o t  6 
Vege ta t ion  - P l o t  7 
V e g e t a t i o n  - P l o t  8 
Vege ta t ion  - P l o t  9 
V e g e t a t i o n  - P l o t  10 
Vege ta t ion  - P l o t  11 
Vege ta t ion  - P l o t  12 
Vege ta t ion  - P l o t  1 3  
Vege ta t ion  - P l o t  1 4  
Vege ta t ion  - P l o t  15 
Vege ta t ion  - P l o t  16 
Vege ta t ion  - P l o t  17  
Vege ta t ion  - P l o t  18  
Vege ta t ion  - P l o t  19 
Vege ta t ion  - P l o t  20 
Vege ta t ion  - P l o t  2 1  
V e g e t a t i o n  - P l o t  22 
Vege ta t ion  - P l o t  23 
Vege ta t ion  - P l o t  24 
Vege ta t ion  - P l o t  25  
V e g e t a t i o n  - P l o t  26 
Vege ta t ion  - P l o t  27 
Vege ta t ion  - P l o t  28 
Vege ta t ion  - P l o t  29 
Vege ta t ion  - P l o t  30 
Vege ta t ion  - P l o t  3 1  
Vege ta t ion  - P l o t  32 
Vege ta t ion  - P l o t  33  
Vege ta t ion  - P l o t  34 
Vege ta t ion  - P l o t  35 
Vege ta t ion  - P l o t  36 
Vege ta t ion  - P l o t  37 
Vege ta t ion  - P l o t  38 
Vege ta t ion  - P l o t  39  
Vege ta t ion  - P l o t  40 
Vegeta t ion  - P l o t  4 1  
V e g e t a t i o n  - P l o t  42 
Vege ta t ion  - P l o t  43 
V e g e t a t i o n  - P l o t  4 4  
Vege ta t ion  - P l o t  45 
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Table 111-2. (Continued.) 

Slide # Date Subject 

47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 

66 

67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 

83 
04 
85 
86 
87 
88 
89 

a2 

9/30/86 
9/30/86 
10/1/86 
10/1/86 
10/1/86 
9/29/86 
9/29/86 
9/29/86 
9/27/86 
9/27/86 
9/27/86 
9/29/86 
9/29/86 
9/29/86 
9/29/86 
10/1/86 
10/1/86 
10/1/86 
10/4/86 

10/4/86 

10/4/86 
l0/4/86 
10/4/86 
10/4/86 
l0/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 

10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
10/4/86 
l0/4/86 

10/4/a6 

Vegetation - Plot 46 
Vegetation - Plot 47 
Vegetation - Plot 48 
Vegetation - Plot 49 
Vegetation - Plot 50 
Pasture south of SLC-6 - Deer 
Pasture south of SLC-6 - Deer 
Pasture south of SLC-6 - Deer 
Ceanothus impressus - south of SLC-6 
Ceanothus impressus - south of SLC-6 
Ceanothus im ressus - south of SLC-6 
Canyons southeast of SLC-6 
Canyons southeast of SLC-6 
Canyons southeast of SLC-6 
Canyons above SLC-6 
Canyons above SLC-6 
Canyons above SLC-6 
Honda Canyon Road, slopes on north 

Honda Canyon Road, slopes on south 

Honda Canyon Road 
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